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tody gictioj> : sOei?- cavit-atJpn. for remedy 

tty, 54n y{^ras0nk: cho^Tjical !"eEK:tJon pt^i^motion ap- 

d^#}pr& apparal'tjB for efffej^ntJy g^ner^fing aedustjc 



msin ^ofsli-Qj; p ^rwmQ ^sha^s generators 
cutts. f^^p^c^iv^^y. Th^ dfNtjg pha^ thus gen- 
erated s|5plkd scr d^lvmg stgn^^^ generation df- 

dvJVEce diivsrig c?rc;?isls. r^i>$ip8ct^v^5Sy, tf^jiii a group 
ol t^^e ! undam^^ntal h'^<^;a<&ncy <imkpm and gmup ot 
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1 BOHNiOAL FIELD 

meni ot mstJiQaani lumors aj^d medical tf^ment of 

c^wtMion for ^^mphasii^jn^ uijraso^^ic ^mo 

sonic ckjanjng iipp&fSitLsj^ for sqiM Sl^rfac:^?s^ aj> 
jf?g ssppamfes Iqj: liquid. 
BAGKGBOyND ART 

whicit^ dOi^s not d^pai^d on ppf^^^atb?^ <sno a 
after 0pe?^jon of a pal^snt snd sf^ct^^ase tJ:^jr aoci^i 

v^jk}^ mom and mofo fj^j^Om^ too. teoi^stiC cmh 
tattoo oonssdered I0 play an ^mportsnt rolo 
g^f^ortiliJig ^fJi5ot 0^ n^^^d^oal tr^s^mont fca^od 
on hjgh-in^^nsity; v^siy^ ]rr^<?iajiof>< 

It fim Btim bmti kmm^ th^t mm^tm aavitat^dn 
plays «irr impdjiar^j roks also i;?^ ;$50<::al$jfail.ng oh^sm?- 
ca; tactions s^nd^n d^ian^ng dasod on y^traso^n^^^^ 
m'iidiBXmi. 

As ^rmsthod of ^feisntlv inds^s^^^ genera- 
tion ?if^d cx>^^apss5 ufjdar pr^^5sur^5 ofa^:oustfe 
tion for tho above pu;'posi^?a, a ISfChniquo has hlth- 

ac<;or d<o^ to^ am ^riMialted 

by s^vvltoHh^g aGou^>t^(^ iiis^^d^s intsrv^il^ of 1 to 1?)0 
ms^JC- In thf$ t^^chnjque. i:JSt$;Od on I he Istci; th^tlhe 
. uitr^^aoic-: lrm<il^^tl0n £im;% 1 to iDOmsoc o^odsd 
fD? I^ni^raisan of acoij^fec cavi^^on, uiirasooiO JfriS* 

of dj1if<^fi:jnt wavi^j frno|::g- M ^ntejvaij^ ol ih^^ above 
tii-ne tar^ga whamby tho aycio of gonorBtlon of 
a^xjysilc cavitation ay one acoustic; 1?^ id «5ol* 
ii^pm m^r pm$mf^ of momtic ^^^^^^ 

otNor cSvoy^Jtc fsSild is mp^ato^;! Thmugh thi^y 
eff^cjonoy aitrsisof^jc choa-^ical traction could 
bB m ord^^r of magnitude Nprpvod for §ajne 
oltrascX'fe pE>war in qompari^>n mii^ l^-ie caso wHi?* 
out the a^ttGhing of a<?dy^tfe fj^kia 

Jn th<^j a5^^fn^c:o^duc^or davjo^ p^xjdii'::t{on pro- 
com h^gh-don^^iiy inl^pi-iafev of doVica provai^a 
and cojicrpmit^m^y ihamw^h:, d^positio^ o? mtnuJ^ 
lor^sgp mattom on so^alt-at^as or $orf^e oootamina- 

ten ?jlfecl the- yto^d of prodocfe to a greal o^^tont 

lnorafo?:o, tho o^oan^n^ proca^a feacp;T}a§ vary jm- 
ppftent m th^ s^micof>duoti3r d^^ic:^ p^odu^^^pn 
process. \\%m m ulUmomd m hyndM^d m ^ 



UqiM cm^rmg n>inuto Qaa< pra^auro jnas aa^^ aod 
pr<::3s^^re^ ftn'iiiCtipri dm? jo If j.tttrasosi:id, which am 
wav^s 0? coodansation and ramfaatjon. am oaoaad 
m ?x bca? ragion. bubbfeo of a ^i^o cormsponping 
a io a ffis^quot^oy qI AM i^llra^ound aj-a vibratod. arid 
collapse ondsr pr^s^i^^ Pl t>uobl^a ooa^r^ te^ 
c:a;j.iSO of a pte«^>!fn<sjnon cal?o^ ostvilkferv. 
ft haa boaii known iHat tha ofeansng orf«^cta aro 
oba^jrvad on tho condition tha:t mx^sttc <:avttatson 

apoostic cavltai ion phanpnii&ndn M wjdoly asod foe 
ciaaning proca§so§v ai^san^n^ a? aomiooodacte 
Siubatfatos. glasaos or tabbwans. 

Sino^ tj^a u^l^asound oiiang^a its ol^sanrng ^f^ 
?^ feot b acoofdartco w«th th*3 terrri of It^ ^iT^dia^on, a 
variety ol motlioda for ^mpf^ov^ng Ihe a?f;Csanoy of 
Plaaning dy arrsng^ng tha looation wham an u^- 
ira$o^ind iJTadiiaiad porilon hav^j d^dn d&vis«d, 

cfeaning ^sHIc^onoy aif^icion^iy; For si^flldani 
claaning, a mathod if naodad <;vh:ch oan ^f-feiondy 
g^i^^ral^ aooi^stJC ca#at?dn ^a?v« ig m a ^osj? pa of 
ol^aning. %$ ^ cor^v^otion^i a>«^mi>Se *o wh^cd m 
Irfadlatlon aoarpa of uilrasound is codtnvad in gin 

m ditrasonso cloan^n^ appara^oa, a as^st^^nsng aipparatua 
d^^ioteaad in dP-A-^- 157?)78 ha;s boan doviaod 
wNch hsis higher a^«^3a-jji>0 povvar tisn iha ca^sss of 
m ii\trm0m^ of a singki fr^^uoOPy by hayir^^j a 
^i^OLsrca for gon^jjmlng id^raaon^c wavoa of a plurality 

30 m froquanaioa. 1n this axampsa, tho addftivo a-flaof 
pttha iiitrsaonio was^as ^frad;iai3ed from Ih^ rassp^or 
tjive pttfa^ound spdrces pooid be a?^inad out xh^ 

ofeanjng effoci oouki be Hmijad bacaLssa a cdov 
Pinaaon of fraquandas ^aa not ao aotaa I0 gan^ 

a^ arata aooustJO cavitation piffciantiy. 

G<jinvantldnsiJly, In sJi^diiicaijon ol li^^uid. a i)>ath- 
od ua^ng ohlodna or nitravloiat raya haa bean 
widolyv In tiia caaa that iba cos-apoaition of li<|ijid 
rnay Pa onarigod, o^paaiafiy, in tho: oaaa of wasto 

4Q UqiM disposal* ohlor>tna tj^tmani «a «a^5d i33^id in 
ofde? to p^r1dn>i stantei^iioo wNch do^s not 
changa-.th':^ .6:>rdpo^?i|lod of ik|aid1o a gtwM o>i<mt,. 
ultravio^ot i-ays ara a$ad. 

Tba stprillzstion «$ln^ c;hiod?ies ha^^ bimi pti^c^ 
i^oad rpr a ^s^lal^ya^y jdd^j t^^oe bwt It ohang^fa tJ^^ 
oo?Ti;poai;^Jon of a iiqmi. to bo p-'Oca^ad and so 
raqajr^a op^?'allon$; auoh aa naolralt^al?on and r^?^- 
movd of romaining pNodn^ tha ^iwsJixis^d 

Jiquid io use^d for another purpcm, rasping prol> 

m !am^ 4mm tho standpoint of aafdty and aoviron- 
rnonta^ coj$t. Tna atariiksifioo us?nQ ultfavioiiol raya 
daos not os:^ any ohomlaa^a m<i ao ?t is oaad 
widaiy as Si s»lii;£atl<:m m^sthod >¥f^ich is slfOpisSf 
and €ts^y the J^and^i^og of liquid aftar ^far- 

m l;kat5on. Howovat; slnoa moat of arganso corn- 

paunda Jargo abaorpl^on apafltpjanl of o^trg^- 
violet tay^. a^travk^l^f: f aya: are ml mppctmi to Pa 
affacUv© for a Hquks qcmtasning & ferga sjriount of 
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organic; compounds unJ^s^ tj'iff liquid teaisfd 

moiosma OF invention 

ca^ ij-e^Em&nt for s pji;diajsar i^^Ksmp^e. th^^f^j ar^^ so 

esven with the ab')vt?-d€f^5Cf?b^?d fechf^iq^iicjs. islfr?3^ 
sonic povy^r n<>^cesss^•y fos- ot^t^mmg ^u^'^c^ent 
th^mpeufc i^^fl^cts is not aiwav^^ of a sufficbntiy 
small Ifi^vasrffom thss §ian#omt^ 0 p?ol§otiarsjd^ 
affects d<^s ukrs^ountl, Ofs te othssr tisfsd, 

mm m the coiiv^ntionai Mcfur^i^^usjS imprnvad s^s 
d^sorlbed pmvfou5;v> only a vory small parJ of 

pf^^s^suf^ of acdustjc csYii^^j?>f^ land in tfm r'mpmt, 
l^fsm still mm^^m^d a jsoss^bi^ity of imprc^v th^ 

SfibsilJy 10 hatv^ a t^dif^^^ue v^iiich can a^rd lo 

abtatH the th^^mpoutsa ^5l^^:^t ^ smaller 

u?im0n:^c pe^wer iev^rthan that of t^e afommen- 
tic^ni^d conv^jntiona^? tee^10!qu^^^5 and Jts sij^ii^atfef? 
has; b«^t$n de$iir«j(J ^rwgJy t^?^ sak^ 0? oairryjfig 

^^^jjcl^ Somali a§ pos^ibk? 

i n I he Sight of the gfoi-emeritloneo social de- 

055|ecti:^ tfie present myehlion to ^j-oyide an t^hr^v 

$pttfc frmdJcition tj^ohnsquo for gyj^eraljr-g acou$|JC 
cavjtallor^ With ssgmficaftt^y higher e^flc^ency mari 
tho oonv^jmiDfjaS techniques. -B^as^ti o?ilhi;s, a cpn- 

^feclsi, Of a hjghl^ ^^fidont ultf^s^oriic cter^^cs^^ 
r^acljofi ac;C^Ji^r;^j|n§ apparatus, uitmspoic el^aaning 
app:?»^3itus or tjitf>m>f5ic sbfiliiKuig ap^)iam|»i$j. In ad- 
it is ate In^ndad l^if pi^^^^ th^ u^tr;^§ohlcj 

t^terapeuiic iipparsy?.^^ witth th<ir fuf^ctioo pr over^j- 

&ttjii0 lrMg?jf cjf to impjova iho ^ipitagjo^ oapabilHy of 

^ri iiltmsotm ciis^riostio apparatus by Omoha??lzing 
ati^cho characfefi^tlc of, for^j^s^mplo, a blood flow, 

pasatus-. object Jiie jr^t^s^ot Invsfofeqn Is 10 
provide a ctean jog apparatus with m -dtr^kmn^ 
mmm ara ph^rj^ds^y of fraquom^^ v^hich has high- 
er e^8anin§ o^p-abii^ty than the cas6 of 0 singt^ 
tfiSQiie^r^cy aaj^ also pfmM^ bkihm ti^mM^^ 

frf?q5;ar:cjos t^y soHlag a ODrr^binatloo of the fro- 



mrm^m<^ troQuo^'iCy, {^rg^ l>uPblo$ coslapso uoder 
prsjssuro whtJH a bw 1r<5qv:ancy Is u^d With an 
s socress^i m <$^(i^ of ij'iitegmtton, the m a 

v^h^H a?> ul^ra^Oij^^i:! wav<£j at a^ 1^ ff^^qt^eooy of > fer 

oxample., 20kHs: i$ y^>ad lor cbanEog: th^ sis^ of a 
i:>ubbio 90J)ors5:Jt5d Py acous^jc cav^tMior- approx^ 

dc?v;ce>j brirjgjng a boot such a potootjjis^ adv^^rss 
mfioonoe-that a bubMa ent§r$ a groova of the oat- 
ten on l;ha ^^miooaductor dovsc^ ^nd wlirf^ot go 
out o^ tha groova. Th^r^lo?^, a high uteaqi^iid 

that aoDustiic oavjtatioh aflecljva for oleoning 
unapt to ha g^ne^ratod at a highof fr^jquahoy An 
objaoi of t^)^ pri5^sam iov^oto i$ to pj-ovtde a 

^{)- pab^lily ^im tho GOr(v«s>f?t50rs«5l appam^us by gof> 
ora^Sfog: aoou^^tle csavllatlon olf^et^vo for eiioaolog 
av^io at ^ hs^^h Imqu^s^ncy oi o??poo!:^j|ly . 50pkf or 
nigher; amplpying an dlj-asoftiio )rr^idi*al^o^ mafhod 
whioh mduc^^ 'highly: officleot ganaraf ion a? acous- 

"m tic eav^fMloh vvhjoh is a. -mmm ot ^:::5aan[n0. Th^': 
afof^imontbnod cDliapa^^odar prossom ot a buP- 
do^$ so so«x<45t^c cayiJ&tiO^i imd to ^^h^Mioo of 
v^; Jopal rogw hi^h pr^si^yre ^m^higH t6mi>em- 
l;am oador ^rpaciifjod condttjon, bot tho <:^avon- 
tioaai oltrasook:^ ctoaaing apparat^js, on^y tha me- 

f|ad thst^ m iw a>?amp|a of a ei^aiiiag apf>arav 

iitt1j>:kig th^ cherfiJoai effects of iho acou$Hc 
cavjtat^oo. The cloaojog of fecf of uflra^ound m das- 

m asgoq loto om b^ssad on m^eha? jical W0<M- ^14. IhB 
olh^r ba§M biti offamicab^sfi^c^s- otdio^^y wsi?^- 
ooolc ojetJnsog at a low frogaaacy, ih& m^ah^^ki;^. 
^■f'oel 4S : dom*aani. Cfeaniag with ammonia and 
hyojog^n pa^oK^d^ or hydjo^on pavexlde and SM:fM" 

40 m a.d<^ 5n l;h!S5 |>f0Oh^s$ of s«i0^kx»odtid^^^ 

Includes a phem^oal prooes$ of 0Kldi5:in§ ll^jo sur- 
laoo of a $omfeOf!:dootor devsce c^r a sof:>sfaaoa 
depo;$j|od 00 the aarfeco of the aenlcondacte 
<|gyyjv;^. Th^ pr^s^^rsl mvaatJOi^ Jf^toi?!? to oi;j£sio 

§tifficJej>t dasiif^lng of foots in op!i?>ecfion wiilfit ^suoh 

Wha{-t a?^ uitra^ouod js asod im steinlj^ahon of 
pfCJb^j^t) ..that #j^---^lf^ct :.p^n b^s^: aUamed 
oj>fy f>sar a g^^jO^t^liJiQ: soaro:^ e>m mtyki^if m 
^0 oontm^l to the oaso of Mfevioiet rays. Alao, amoa 
ibo compo^>iboo of ttqaid is loss chaogod by tha 
ti-e^^tmont than io the oaso of using ohsorln^, l!<:jaid 
Mt^r sto«lJ^S[jioh caa M us^jid wfthot^l fcotn^ mb- 
ieofesd 16 a p^im^B^strm^. the oonveh- 

liaaaj o^irasonlc ^o^rjdiatkjn method aoooaho cav:ta- 

ttop fndodog tho $is^^flpj«m ater^li^a^loo olfacf, can- 
dMe fo sn uJtr&sousXl was hardly csm«d oul^ dia 
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msJthod susliabfe: foJ"^^^^^ scoysiic caviMI-jn 

With airr) of provJdmg a sl^nii^cing apparakis^ 
having su^^f s^^!<;;nt Bt?^H^^^?atbn s^ffects: m ^ompmhm 

BRiEF DESCRiPiiON OF mAmms 

Fig 1 is a i^tagram $tK>iivtn9^n jjxampie of si 

F!<|,.2A a dliiigjanri showing fessjii^sn! super- 
imposed wav^^orm from a waveform pi at tKs 

p2 m t^p ^cond J^arimrsjc liB^u^ney ^§m(4^(t}v 

or the second harmonio and boihav^or of ^es^^- 
strafed bubbbs w^- shown on oppe^r ^nd low^r 
sides of iharvva^^^orm. 

jFfg:2C a cJiagrwr sch>^fr^<^ the 
w£ty??fD?m pi of th$? fijrtt^sm?5nf^J »rvd beh^jvio? of 
bfjti:>Cj|*5^ which aro Cjfs^iem^Bcro^i Mppor ^nd lowor 
$;id$?s: of th^t wQViSlofm pi by ^ ^^^^mmm q!Z of 
U>e^e<:o5r^d barmoji^c v^^ave ar-d grow fii?ihei> 

F;^ 0 5S <i block dfa^^mm sbawi th^: co;n^^Qi>?3a" 
tjo?^ oi m arnbodimont of an ulti'aaonjc Irradiation 
?ipp^mtys aocoJ'd^ng to tn^ os«^? -t snv^nt?on. 

confsgorsstitJn of an t^Jtfssonic tiransdMcer m!: in the 

Rg 4B is a ^ide v^^vy ^hov^mg the ^xampb of 

Fig 6 Is ^5 d^^3g^af?> ^showing another S5<ampb of 
tno conff^ui-atjon of Iha ijiijraaonlc trs^nsduc^r uf^si in 

<:>od termor] f0 ^5.iper5mpo$o^^ "^^^y^^^ 

Fig J j$ a bbiok diagram ^how^f^g the co?^%uj&- 

FIq ,8 is a. soQiional view shosvmg tha conli^um- 
tido of ^ p4i5:i:ool0cirto iJ sickoe^^^ rr^^>cio vi&fs^?^ 

bpdimont of F}g:7. 

fsotsngiikr d^ivi^ wav^^^orm for tho pfeixp^lisptric 
i^idin^sj^ m*^^^ vsbratof eJoms«^ of Rg.B. 

Fi^JO a <iliagmm^how^n§ an e^Kampie of >s 
stopped Cifiv^ waveform for Iho p{0:£;o«jfec:tri:C thiok- 
iias^J rr^oda vibrator aioma3^t of Fig, 8. 

Fig; n is? a digram sheiwjng oor^igomfejn 

r!fir5>r^t of Liiinssonk: transdj-io^^r unit in -^js j^mbod^ 
F\g.i2 m:^ ^t^gram sbow^J^ ^n o>^?;5^Pl:^ of the 



£iTr\bQtiknm^i <if Fk|;7. 

FigJS ia d^a^rsim ahomng ari ^xsnrpte of a 
py^h^pul^ typ© swEt<:^hii^g oir<:;uit con^tttuiirip tho o^f- 
5 mil ip. drivo |5j<5^ooteofcic vtibratiar .^iem&ot of 

Rg.i4A a top v^jsw showing con%oral?on 
M an 0xaropl0 orthjs' -uHmwki trsiosjduoeff tir^it Ini 

F^§d48 is a $id0 <^?^w $ho^^ng t^o aooft^ursi- 
tbn 0^ the exa?np^o of tho ullraiopioir^jj^i^doc^r uo^ 

b m dmgtim ^howtog ane^t^r oxgiTjpJo 
of iha oooi0ural?on of tho lillrasoojc tmos^duoM ur^ri 
m ombQ<:l??Ti^>ntof rig.7. 

Figsie j« a djSigraaV ;sbov!?ir^g anot^^er ^s^^mpl^ 
(5? tte circuit tj& dm^ § piiSf£:p^f^cl;rK? vjJ^f^pi^ el^^ 

m^j'vE: Fig: J. 

'FigA7 m a t»T^e chart for si^ppsid wavoform 
drivtng th0 pl^^^p^l^Glrfe thickness moda trajiacjuc^r 

of Fig.0. 

M FsQ JB is a Si&Dtionai v^avy of ar^ ^^^ar^-jplo of a 
^jngle fDcus: manual soann^ng iype tr*^n«duoer 

rim-imm typo piano w^kvo trar^sdocor adopiSjtbJ^ lo 

Fsij.20 ijs a §pc$i^5r;;ai vjow pi ao oxsmpia of a 
stylus tfans<luosr lo^' pricking ^^Spptsfelle* m th^ 

B§,.2I j§ a diagmm s^-^Dv^io^ an ^xarr^pso of tha 
c?^ ooofigMfatlo?^ of ao iofe^3topor<itivo tberapsiJitfie 
ImsPuFJd traos<lyfC<3!r acPor^S^og ^o t^W premni 

■Bg,22. Is ^ (Mgrm^ show: 09 j^iooth^jf oxsmpJo 
of th0 coof^goi^l^pn pf .th«5i inu^operatlvp thorapoytte 
4Q iiiXx^^Q-attcl t^^^^ to th$i pf06^5ini ^n- 

oonfipyration of a roaclor of an uft^a^n^c criomioal 

Figi*4 tp -a diagmm showing arvothor oxeirTspJo 
of tha reactor of Iha u^tmsosiitc ohomica? f^^cisoo 
;«ppamtus apcprdisi^ to pr^B^nt mmmm. 

a dsagr^m showing *3i5!i sxampys of tbs^ 
m configuration of an yitraaor^o ofeaping: apparalu^s 

Fig. 20 is a diagram showing another ^>^amp^a 
of iho oonfiQiifMiOO <jf the ujliasbnjc oioanjog 

Fig.S? -31 dlagrsim showing stijl jinoinor ej?sm- 

pl^ o? th^ oonHguratjon of tho listraaonlc Ot^si;^^^ 
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•^Mb cht^n^ln^ the j>hsi$6 relsition b^b^'^^n th^i iun- 
dem<5?>ta^ and th^ mmnd hmnmtm ^m^^ -^Imh m^ 
mpmiyipotM to ^^cif^ otNr.. 

the pres^^ntlnventiQJi. 

F;§/3D 53 s sh0w{:^9 Strtoth^r 0xampja 

BEST MODE FOR O^BRYINO OUT THE mym^ 

nm . 

St has ba^^^^^ known that when a sjnusoklaF u^- 
tmsDund w^th a rfsJaJlvely h^gh inJsnsitii^ propagators 

prm^^ is moi'e mpid ths-j^ faJI of prmsure) 

noTj-ilnea* property of the mec^jum th^J as Ihe pr^s- 

^um in the jncr^asBJS. thi^ gJCDu^?; $peed 

fe-ease;£, and Iho case x5f si pulsed u^tram^ind, n . 
has fee^^JH icnawn that Wo: prm^we wav^^lorm 
chsw^gj^^j ^0 a vvay8k>rm ?iavio9 ^ fefg^j posstiv^e 
peak pr^jjsure ih^an a ?^v^iitivi$ peak prss^^m 

pmpj^gal^ion prcjc^jeds. Df> otmr hand, it 
has be^^sn known that acou?5liG cavitation is unSsk^ty 

missiori mod$ or a propagation m hi A^hich any 

hiQh-jntirinssty r^5^l^x^ do not ex?^^ but 1«k?3% lo 

^0 96ner^5t£^d m an uHraaonic acoustic field \n 

ihii of pr^^sui^ g^nor^1:ed propagatJcifn olm 
i^^moumf Is mdt'^s Qrad-^ial t^)«tn tho ?1a^: pms- 
aur;^ i&m mg^^ p^ak pf^^u^'^ i$ than 

th^ gmm^ilm of ^oouistie cavi^tion but the 

waveform S:>>^^C^>!'fi«?5 a<:3v^int:$igmus In tf^s> generalton 
of acQu^tic cavitation vy;hen ptee.- irwemoo % a 

snv^jntbii propoa*??^ that m> uHm^QiJ^^. o<:itmdm0d 
to ba ganeral^c^ a^ a result of pf^Ma to^^rslon ^n 
ths; abov<$ c^s^ H^v^^q^ ^ wav^brm adya?:4ia- 
gm^j^ io the Sicoustfe eavital^on g^>f^&f^3ti[^f>^l csto bo 
O'^taif^ed through ^ynthss:!^ without to any 

r6lk^^::tors ^>>/ cstu^Sfng an nl^rj^snnnd nf a luadamN^n- 
tar imqi^^^noy to bo added w^tJ an ultrasound ha:v- 
sng a fr^quenoy vyhfeh is twsse the kH^dam^snstaJ 

fjculady, as shown fn, for ^>camp!o/Ffg, V> adding 

to an tt|tra$ound..f>i of a iMr^damf^tar f^^uoao^ an 
tiilfasoand p2 having a feciuency which twipo 
th© furtda?riej-ilSEi f f ^@(|tiency m a aM*t^6j^ pl^sas re?a- 



w»?iv©fprm ac^*'£intag«3dys to th<J gii^oemtJdh Of aoi:>us- 
ttc cav^l^tion and havinci iarg:^?" Mgativo pf^ssnr^ 
pj^ak than a pqsitiiy^? pi esaur© p^ak can syn- 

A wave f:rar«^msl% JTtay be so cor^^ja*"^ that 
iii^ iuhd^?ri^r^arwav^ pi ^sr^^f^ tf >e iseeond h^fm^ijnjd 
wav<^: are gs^n^iated s^rnsj^anejoueiy from tha 
^sams^ wave tr^^nsm^tis^^^ aiemani x)r sjii^^mativaiy thdy 

sama loosr po^nt. A ns-'^t ombc^dimant proposal ths^i 
an anay typ^ wava Iransmiltar b usad whtah is ^o 
confj^umd thstt a feridsmen^aJ wav^ pt ajid a aac- 
1 & of?d ha?^iTi ofijs w^ve wMp^* to ganarafe 

acouat;c cavif&tbn ^a fha r^^ion mo^6: limil^^d kj tha 
vicjnsty of a loca^ point, ara gen^^rato^d from a 
•pM^IUy -Of v^aye tmasmjti^r aiemajil^, r&spoct^v^^y, 

^0 pi Sif?d a ld«5iar poii^t of th^ ^^s^c^^^^ ii:JSf mprVjc wav^SJ 

p2 aupanmpo^^ad to aaah othO!^ whila th^^y ar^ 

Jkm m^>QmmBr\i pspposm that in ofder to 
aiiow a poattioa of tha aooastb c<?v?ta^bn garsora- 

m tton b§ 'JU5C>arvjaod m tho torn of a posltloa in an 
:aifras;on{c acf^o imago, an aitraaonfe echo i:;naga of 
5ir^ jrt'ad^at«?d opi^sct j$j tofma<rajmult2^^^ 1:^^ 
tralJ^amilting an<l rasjojvihg a piiis%3t Wava <>f highar 
fnx|nanc:y than th<^> sacond hsi^mof^k: wav<^>. 

s^iG A sas^ond ampDd?mft fit propoa^s an a^am pla m 

whjch ^lartyjtan'^ujs c^^t^^rsljoo ^ t:andaa>aj>ta^ 
fr^p^ncv wave pt seoopd h^ttr^oi^so wiave p2 

tt'ivad. 

m A third arnbodiniaat pmpoaea thf^t a plana 
wav^ at liind^Ytenlsl ff^qs^^^^^ ar^d a plana 
^avo^ gtt fmqnancy wh^cH )a twb<? th^ fuifiidamsjhtal 
ftaqiaancy anj addod tog;^^lh^^i' so that wa^/a f^nnts 
'pi tho No fraqMSfpofaa ara randamd to ba ^ufes^tap- 

40 tkiUy pamllal to mch othsjf and lha pJarx? vvay^^s m^: 
lo adjatod oi> the aam^ Ostiept at a tim^^ 

tion of tha atoramant^onod aoddalio cavstatfon gaa- 

§t^r;gsoe^ of %i ^ojnjcoj'j^lMCt^r dovjpe or ^uM^oce^ 

dapo^jtfid on thfs mafaca of a ?iamicando<^tOr da- 
vica; lor ^>;arnpio> cleaning: using ammonia aad 
l^ydj ogan pam^id^^- or hydfo^oa pa^siKJdo and sufe^ 
ds «cjd trt this process of a?^m?Doada<:lo? davica 
pfodi^dtbn. 

A fath ^jmbodjmani propoasa an app^k^aiioa Ix^ 
stanii^at5on at jjquid. 

A £on<jrai^ ^ampte of t^o ayf^h^asjs of m 
osti^ound of ?andamanlsi^ w^a pi arid dh 

trasouad of sanond aarmorao w&va p2 which can 
ganarata sicooatiic oavjttaiton olfiojaat^y ai^^^^ irmdi- 
atad objact m thasa; aaf)bodifrppt^ wis! fj^at ba ^5?:- 
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frequency f r^pre-3^at:eci by sin.l^^ff) with respect 
1i> mm t an0 a second hairiioofe wavefcrfri p2 m 

pressu!:© 3tep^r fen the ns^^ tH^^^^of to act cin 
g^PMSlyv T«^«:i^ this css:^ m m s?0m^, tne prn- 

Fig M h a diisg^aoi showing w^iV^lD^m f^^ult- 
log Ifom synthesis of th^ fum|stme3^i[ai JVaquenc^ 
pt of 5Jn;2?yf^) end Jt?!^ ^@eors<d[ harmonic 

shovvs th^i mco^ hmr^omo ^m^orrc^ and be- 
h^vte of biiDbJe^ whsc!:^ ar^ geBem^d and grow on 
upps? and iovv=@r siide^ pf th^^ i^awform pB. 

wav^fofm :pi and b^^hay^oi- O"? th^^ bubbs^js. ^es^- 
$?raled and cau^je^d ta grow by th^ s^^cand bafmofi^o 
sv^veteo^ pS>: whfeh fufliw grow t^^e i^p^m and 

.Firstly: the '^m^^Mi0^r\ of aeoustic 'cavitation ia 
ijtafte=d by th^ sncnnd basrmonfc wav6 p2 -^sm 

& half ol mdu^s: a ^^^aonetnt bt^bbi^^ di^^ to iho 
larid£i^^ants^E wsiva p1 (-sm(g^r:?t)). the jnltssijjon cf 
aoousljc Dayjtistjon 4jf^6icb<i mir\g th^ s^iXJj>iil tm- 
monfe w^>^^* js S5gpifiosR# a<^SEf^tsga<>us oy^r that 

^ffeotnd usjno on^y the fi3Jid?ime«lal wav<5 p1. if? 
that c£;55a, th«: mdlus of a cav^iatsan t?ubb^a v^b^f^al^a 
tHo p6rJ0<:l of Ib^ ^j^cdnd har monic wavn bu^ in 

bubbb mdkJ?> is i^maSW tharv th^ rosonent bubble 
mdto ar^d h^$ra rn^sj^^mufp ^fer ax^mpie, bl) at a 
n^gativsi pTOsyf^ i?^ak pf tb:^ second harmo^iic 
yvav^s ^nd a m?r^h*T>ym ^for ^exKampfe^ b2) git a pp^i* 
!w pmssure p^ak ^hown at an Mp^m p^rt In 

{-apsatcd within a $isa ma§^ af from b£? to^ 

f?5dtyiS o^ a cavlMion bubbb resichcs lo £ippJP<<^ 
ms^^a Uia f^dsos of m^oa^nt bubble dua to the 
^^vC^^d hnrmonic w^JV£i> tb^i phas^t pi vjbratbn of 
|he bijbbJo radsBS is dsisyesd by ^) "' \h& bisti^ 
ble racliu^ a mas^tem (for oKampsa, b3) at- >s 
zerG-cjG)^;s; poiat from hega^jva pmasi^m Id pos^jave 
pf-oasui^a, A bubbJa co? r^japand^ng to pos^tlv^j pms- 

10 §1 bubbJ^ iHo pnas^ of JiF03i-*-o$onartco^ 

\n oa^5^. wjrh ^ba aupodrrypD^jitJOf^ »f tba 

iunds^^Viontai wave pi affocl^:d In tha :^bovc-d^- 
SGJib^d phss^ Tol^ton, timings iDi; maxlm^xin^ 
lha vibrator ^Jem&ot a^dkis cosncd^ ^ liming 



pf a ao^atjvo pfoasifa^ p^k of tf^s^ fandamorUsl 
wsvi? 0RCJf5 p<^m^ <fGf OJ?ar?^pJov c1) ^nd 

^a a mauft. tb^^ o&viMsoa babbfe fartbargrowa by 
mc^siVJag ono'^gy m Ihe lundamontal wava. iaacHing 
a at j^ast th^s^ (^or ex3m^>5<&. o2} of «i ras^oasat 
bMbbj^ (im to fcnda?^^ntia? Evoa m th^ 
fur^dsmebta! w^m. a bubbfe corr«sapD!idiag to poss^ 
t?v=$ pjos^ura rama^na a^aantia^ ^danfiicai to a bob- 
l>ie cor5v?$^poa<lin9 fevpostte iba 

63 and c4) raga^dtaas of lha srai^onariao and rsoJ^- 

Whan a gmwa bubbfe collapaoa aad<5r pi;oa-^ 
si,m> mPmial Qm ja adiabat^ca^jy compr^ss^^d lo 

^5 gofso'^ta ^^fmgy tocslly. M order te eneq^y to 
bo saffia^eat k>< tba par|>dB© of td^i^aria^ a caams- 
ca^ raaotbn, tba babbia subjaal to co^^apaa ua^Jar 
pmsauf^ mtiatbo at teast i^f^or than a dartajd st^o. 
By solooting thfe tesJamoi^t# fraqu^^ 

m sc^mawb^it km, tba aj:j« of £4 msanartt bubbJe> siiha 
fandaman^ai Ireqaancy car^ bo $o'i ?o tha nacas^a^'y 
i^m or larger. In tba cas^: wbara 1i*so taad54fr^^3^ta^ 
l?oquoocy sicmo is irradj^i^d: hov^vor, th^m abs^^ 
a pmbbm that the cavj^atton gaaa? alioa caaaot bo 

■0$ ^{art^d succaasfa?ly if ^bo rdsonanr babbia daa to 
tha tundambnta^ wava Is ioo jarga. Contmj'Jly. by 
o^J©ctj«9 th0 $5(^po*?i5osit^on of th^j a^^ooad ha?> 
mome w^v^ In th^ sujtsbio pi^aso raSstion by j^^b^ 
tb<^ m^vbad of tha prasaat jnvonaaa, aact^ tha 

30 ir^M\on of tha e^ivit^^tba ganaratbn aad the grav^th 
pt tha cavjtatovbubblo to ^Mmm}. stzo caa 
^cao?rtpfi$h^d ^ftMobliy throo^H the copp^ralJp 
t^^ §aaOaci hafrnpavc wava iba laadarfjoatal 

as In a<lditbn^ wban an ahmbnfe' mil iz- 

wh?c;h ijBjtsmHs/as^o^&jy^s ?i ^i^uJs© of ^ 
fraquoaay highor tban l^s^t of ?ha ssecoad haJT?^on<o 
wav^iJ to far fa ^^a astr^aorac ^>cho imaQa of an ^rmda 
#$4 obiacl mpastoba^ with -^^if-m^lohing ..o^pabll-*- 

4Q ay d?MO to wavsj motion hiding ^^|>!^5<J ^§$<&aMJy 

pqu^ b tbat me iife"^aound wiiticH o^ 

ttc aavila^fen on an irrad^atad objaat wtl^ pass;i[>la 

aad tbaralorp moaitodag raiativaly iaaTai^^o to tba 
u^fio^oco of a acoMS^io apoad dsstdbotiioyi of m 

^ tptarmodlata d^d^om dsn bo t^a^iscod Fu?^l:hofi isy 
aoafigajir:^ tha ulf; asoa^o Jmagtog u?^«t to anabte tt 
to racaiva a ivaqaancy eomponanl of an avoa rra;5i- 
■■■^j^f 'oi '^w . .^eoond hsrif?j^ai;o aitf&aouad whioh sx* 
©r|s ssco^.i5$t(C cavitat^ort otr m krmiiakn^ obl^scfe fit 

m position wNam acoustic cavttatisoa Is ganamtoci 
Of Si poailloa wbojo aeoaafso (:avi;la^jo?i will ba gan- 
Ofalad With high poaaibifi1:y aaa ba ^^iapiayad whila 
bis^irig aup&dmposad cm an Mitrascorjild oobo imsgO; 
Tha ^t^M ea:^bodfa>obt of pr:e^#nl invsjOtjob 

m wiiraaw bo daacbbad in graaioT <te'taJ^ wHb aafar- 
g^acaJo: t^i^.3.:lo g. 

Tha overaH oonf^gufation of ^ ambodlrnoint of 
an aJtfssosi^s kfad^atjcm apparatus accord?ng to tfe 
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pr0!&e?vi iovreiUioo tiav^n§ tf>e luoc^sor^ pf moriitorkig 
th^j position vyhers ?3c^ojj:?i^fc csytt^of^ is gommitB^ 

31 k> an mm^a^m i^mt mmn control ci^'^u^t 20 and 

■cumcm^ mgml^ im ^^mg i^Ts^wpn ^coiJ^?<; 

^ppM4 fipm ^ Wrm^m ur^t main coniroJ 

aM & drive ph^tse ger^er^^^^^^ ckaM 31 (^2},respm- 
Ih&l"^ PHas^s iDt^ driv^ ciff tfan^ducisr dements 'or 
israd^a^ing » gert^^ra^iSd ti^sndamefii^l wgty^^ and 
^^cond Jwmom^^ wsvs ;^r^ sppiiisc^ to <^nv© ^igm\ 

rf>^jnts which ^3f"??: used lor the fund?3n5?&nt<i^ ws^v^) 
^i^d dtiva Bigmi g^mrmriQ cmi^ ^-l to B^M i^i? 
boj^o the fot^Bi^ number ol c^'i^s of transduoef 
dependentefemen;{s wNcb used for the s^^^eond 

Mi f^(i4m\mM y^w^ mcx>nd fmmimc 

are appik5<^ tn>m Xh^> mmMiim um? mmr\ 
control oi:-C5.ift 20 io th^j dnva signal generating 
cti'^^ults to /'-^ and to bM., r^^spoclivasy. . 
Dnv5;: sjgoai?^ fcjr Ihi^ 9i&niaf^te<l funidam^^n^g^ 
m4 the second hamionic wave are ^ppiis<3 to 

«^5e?'5*t0ni dfive dmujt^^ 3-1 io S-N and 4*1 4'-M, 
respect? ve^y> io drive a g^oup of m-adlation trsi^s- 

^iM Sit gfO^p cjr<r?ad5«;Stpirv tmiF>sdi^ or 

Th^j ddw arnpistude^; csn ^iESO be conl^'Qiied by 
s^^nals supplied -from the irrsc^iatip-n .unit ma^?? con- ■ 
itcil circtiit 20 dk^^liy Ici ^hi^^lome>ot <ijwe> OJfCuiits 
3-i to 3-N v^nd 4-1 to thor^l>y en^Mnng stoaciy 
and ^:>asy oj:j«^r<jt«on of om«irg^>ncy : s^op • of uJhasdnk: 
irradiation upon ocoujT^noo of abnormalily. 

AO i¥r«ic:Jii^BO?> tfans«:J«t^f oompo^^d 5bo 
9roup of fw*kJa?TOptai v^ave ^^ept^^m^ t-1 to i-H 

^nd tH^ Q'^onp of ^scond ha5:mnnfc w«vO s^^nmentsi 
2-1 10 2-M acts ^?so a re=:::eivin9 Irsns^duoer for 
d^^tootian pf oa^Jta:tior: goniom;s*sd in an irradiated 
a|>je0t. Signals received hy Ifm mspacljv^ ^Jfi>msn^s$ 
arO removed of oorT^pdnontsi of th© irradiation ^jgnaS 
bi^nd by me^^ios of band-reject HiEto^^ 5-1 1o 6-:^ stod 
6-1 Io 0-^. thon ged 10 receiving amplilios-s lo 
(^'M and 10-1 to rmp&c^^> m m ^ bo 

aviplsfl^d th0j^by> .appf^od to a I'e^^oiving ?oc^u$ 

p»'C«t:f I (1 end e -f^peivjng f>>c^>s circuit 11 (1 4), 
r^s^pect^v^ify. Srnco an output port of oaoh ot the 
fyndamemi^ wavi^ dnvs^v^ B-i to S-N. stfid sin 



<lnv^ otnitiitj^, 4.r| A-U^ cOnlajn $odes ins^i^c- 

oap<joitanco &nd a c&Dte capacilanoe at tho tnn- 
dsTTi^nt^i freqiJoncy, or ths^ second h^rmonfe. 
s 2%, jji^o oi^put imp^danco of ckcmt 
not aql as s $hg?l:t sU?^ delJjn:^<5 from tht 

The reoeiv^ng amp^^f ier^ , 0-1 to ^nd 1 0-1 to 
tO-M, are of varsablfs gsm and tb^jr ^sssO^i ae 
ta cont^oisod i>y 5^^3«ai$: d*r$otiy suppfiod from ttis 

irfStdi>:ition nnit tj^^im ciyn\n}\ cfejtt 20. Ounrvg 5i 
time ^one in vs^hich ms^ny unvvanled ^igna^ compo- 
nent are genorsil^d off tho kradietlen uitrasenle 
o^^r tmquenc^, for eH&mpfe, during ^wifebing the:; 
i& irfadSaferr fsou^i: Itio f0m are cfev^rs^d tip ^vojd 
■aalurs:i[o:i. of iho':..amp^ifi:$jf'S; Ti^e mapocfs:ve rec^sv-: 
feg lOcus drouit i fi3) and reeeMng foon^ circnh Ji 

fng -m.'-;^ p^urslity of p<imw wmng^ m ^ 

ing to spatial reaosutton or the mem^mg systom, 
wber^ibiy they detect tho g^n^^r^ipn a?x^ th^ gon- 
eratop po^iliion^ of i^ftt^soorfd poniipomjils r^dijalod 

by ce^vitatJOO" subharmonic cernponj^nt^^ hstv^n^^ Iro- 
"m :qmmm 'y-^ and hs^rmoni^c components hav- 
ing fmqtiencies 4^5^, Sf^, and 0?^ m^i bermonic eom- 
pOn^ntss of atiS:jharfnonic pompon^nl^ havjrig 
4mm\^^^ ZUf2^ Sy2. sOd ?fo^. ofc. Slgnai^s m^Mm- 
live of cao/sEatton gener bitten ixjsitions aiKi ger^er^^ 
tion in^en^ity ^s-^ sppl?od fo s :disp;;sy oircriit 30. 
H^rO:; jf paraite^ pfoog^^^^^Jr^^) fpcy^ cteoits wbicb 
^malter in numtj^r m^fi 0omm fooa? 
points am e^od to ^ican the tnd^s^idua^ fecal points^, 
reduction of oosts of Ihe rocoiving foou^ o^iX:i^it i 
m pZ} and reecNng Joco« circuit II |14) cars aiso be 

In the Rgure, Pa ci^^sgOates array typo 
irar^smifter^Veceiv^^f probe ded^caled 1o uUra^onic 
Ims^lng and 2;^ d^^lgnaj^fs mtating mochanism 

40 for mia^tn^ ;ho prob^ around aj> ^jci^ v^rtipsi to fm 
pfpb^ -surface- ptwMfeg th^ conli^uratson In 
^bicb a pkjra^ity Of i^fe&sjonio pulse ecbo fo^r^o- 
graphio images neoessary lor positioning an irradi- 
object oaf^ be otJU«o^d. Re?jp«ctlv^ ol«mont$ 

-^a of iM p^pM 2? ajB oonnaclf^d to at tm^^>§m*asiOn 
contml cifoOJt 2S and a foou^ oJrcOit 

ftifOijgh « trsinsmitlin^/f^ceiving ampliOOf 24 The 
display cif^oit 30 m configurp^ so that ^i^pste 
^ndtpgdiv^ Of cavHattpr^ g«5rw<^5ton pofuljon^ and 

isp ijonor^tion tnfeni^% ^vlTtfch aro doteolod by tbo r^- 
oeivrng: 'iocm- oimuif I (l^) mid recOfving- locus:- 
ofj^Oit \i (14) are di^p^ayed whiles botng suponm- 
psa^d on an obi&iin^d: ecbo tomographic «mage. 
In ordei" fo o??tiaini §ood ^^ao^otioh^^^ 

eftraeonjc froqu;enf::y band of tho prebe 21 3^5 s^>t to 

ba 4f» OS- bjgi^ef. Stroeiumiiy;. harmon^p pef>^penenf$ 
ot ter s^^repie. ffSQtsenote % snd and 
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tks?> TOV be de^^ by ppbo 21 risShef thsiri 
th^ gvmp 0 ei^mams t-1. .to JrN strtd group m 
Bimy\mis 2^1 2rM. Further, whf^f) the dnv?? phast? 

<ssrcMJt1l {12V and ^jrlye gs^^r^sng c^ircMt^ 7> 
t 10 T-N aiHd a-l mtr^i^^ by th^ 

smic wiwm cm {m tammlM'^ in ^^ynchfdnisjm 

dedicat^«i 10 u^tmsonic imaging an^ifociis positions^ 
of htgb-iEnfen^^iy jjitesesnfe wav^s for m^S^^Qn 

of 1^55 d?5fT)enti^ 1:^1 to 1'N ^^-i to 

&nd mcepnoo by maam or Jhe probo 21 tan be 
d^^^playM ws^iile b&m<^ ^^ypmmpomd on J5:n echo 

Since tho afftdency ^5f ^:tav?1^iijon ^^n^^jjrsrtbr? 
cfep;^fKls on th?? r^^ative pt^ase i-^^iatlon between t^^ 

rno^B UgM^^ Bfi\mmi cavitation Q^oeraijon can be 
r^afe^^ by co^^trc^^lsng ^im drsve signal g^nar^sng 
Circuits 7-^ tO: B-t to B^N ^ucb thai the 

iftensily harr?)<i;r|!c compofient^ and ha:"mDnsa 

rfsdi^ted by ct^vitgtjon misKinii^^Jd ^sb the 

mlaiiv::? f^j|<^t^jpj> o^:^tsmi^^il When Iha op- 

timi:?a;jlon accord? "^9 to tne Intf^nsjty of th?5 his^^- 
moniio com|X^«$jw^^ 0^ ihir hmmgnlc cm^^<it^^^ of 
subharmojiic comporfents is -di^icurt to acfees'^ or 
.v^hmt thJ^i iynct^cn dfi5?ir^^d to be ojTiJttBd. there 
a^so avB^ab^e a mothod for real^^ing highly #tjcier^t 
caytMlDfi geni#ra^Joo d!;jrtf}g ba^Jl mom tJ^an a 
(jMairi Imoifbri dl" ximf^ by jif'^^lomVjng *rm1«a^^^^ 
•while: shifting ih^ ml^^the ph^m-. tt^i&fsm hf -yrS t<> 
r^$s:p^>ct of ll-jo ao<:or5d ham^pnfc wav^o. Not 
MwB the opt?muJT^ fes^atlve plias^ r^sl^t^on is 
^^arched but afeo wh€JfVthi?> f €5l3l:^v(^ ph^^ss ri3>MQ?> 
shifted m Bcmti!^mm with a f?r^dat^fmw*d v«^^ 

for a constanttimo mqiiirsd for cavit^ion Q^n^ra- 

When ob3^3fVcSflo?ii of mi uf?r?isonre irrad^atocl 
objoot porljoo bsi^od 00 ao ocho tomQ:gr5^ph^o tm- 
sg^j to^chss^ t^st motion tp bresthsng of th^ 
obi^d poffeors caarsoi; to neglected a«d dq©s m^M^ 
-:m,'^ kmMmm1ocm h so oomroll^d as^ td mov^ 
In c^mpfimce ^It^ ^m moiion of th^rohjoci portios:^ 
on th^ basis df a signal sppHod from the r^€^|ylog 
l0a;Si Ojrouii: 25 to the srfStdiSiJjod unit masn cootroJ 
ob-ouli ao. Wnen INb motion of ob|^t poftjort m 

so ^afge thM It excneds the per:T>bs;bl^5 r^jng<s of 
irmdtat?oo tooo^ or whop tmck^^ig Ja dilffCMJI-. to 
soh^^vf, ^ uW^^p^^h mm^^^^, limm^ m cop- 



ajid M^irasdniii irfadsalion only a 

predoficjrfnjnod rf^nge of hmiitMng \iitmng^ on the 
ba^^s of a is^goal appiiied from a brassthin^ dotocior 
32 to the irradiation unit mam oontrof csrco^t 20> 
5 Also, .lhe etljcian^ aooiJ§iio osvjtaiqn genaratifig 

method of birs^nf mv^f^Sbn osm applied to 
mipmm 4tmfmg powar fx^aiass^ad by tJ^6 pmsar^t 
ombodimonl practiced a$ m ultraeonfe d^espnostio 
app^Ki^iua, U<m padjcuiitriy , by c^^.rfytbg ot;t Iwo- 

j^5M^ve?y srrtiili initmiiitf by osmg th« group of 
g^lomonts 1-1 to "! and tbo ^roup of ^lom^nts 2-1 
to and go>^orating sicou^^^io cavlteiio?> effjofently 
m an object Imaged bas^d <;i^ an ultraaomc pulssi 
stohd method p#?0 thc^ pf oj>es 21 lo ©m^h^jsisse? an 
^oho oharactoristjc ot fha imaged objaci Si^ch as 
blobci fbw, a bi:oDd flow in ?j mi nutb blood vo^so^ or 
a iovy-^apa^d bipod ?law can b# ^msiQM whjch can 
Iwdly be tniagM <^ybf? t^lr^^^ th^ Dopp^isr matb^ 
m od when tiw ^jhrmov^c piM^ ^c^^o rfMhpd using 
• the pf"oba.- 21 ^?^?T!t>^oyod :a.bna. 

Next the ultmeoriic b*an??ducer un^t Qi ih^ 
pfmBnt mWoammt wM? ba da§cbb©d in greatar 

v^^Hh roferenca to Figs;4A, 4B ?3rid 6 af 3 
■0$ Bxm'^pH Fi^-MA aod 4B shov^ an £trray-ty:s>a h^Qh- 
inten^i:{y ultmsPnic tsransiducOr of t6 sectijrs )^ 2 
{rac|<a Porfipass^d of groupa 0? j^^^rasojuJc «$sani^i^otj^ 
1-1 ar'sd 2-1 to s dm^jir^m 

^i:hc>wa>g th^> stal<;i of th^? trans^dxicer as: ^soen Irom 
30 bosow ^nd osch group of o^omoot^: associ^stei^d with 
p«tft of p^dpheiss clrpMUs^ and: H^^^B Is a diagram 

Tbjs focusing typo hsgh-^nfeosity titeasenfe 
tmosducor has a goomatslcas fmm $0 tharit may 

as b« allowod ro too^ai points by moans of a 
b^so^^ass^flJy t^'^toimwm bwo>b«^^r of >s1ar5>^ota N * 
Irs tso profs^rst embod^mont. tho gdometr^na^ focud 
can bo: given by 0^£posin9 group$i of A^ifci-asontc 
olomoots 1-1 to l-M and 2-1 to 2-W ori a aphenoa^ 

4Q $hail S3 mada of }|g;hi mal:^l Tb^ sph^fEC^I 33 
mada of ijgbt rrt^tal bontt^r^ing as ^ main cona8tu> 
ont magnei^juiri or :giloreino:rn, mr i^Wmimc 

hTadiatidg aurlaoe sida which 1$ a oonos^^o sodaoa 
lofming part; 0r a sp^^ara baysng ^ta o^ntar ai s 
9<^>a1tatdb®[f foba? pomt F arid tias a l:>aoli 5&i<l^ 
whjch hast a potyhodrs! form pottehod to allow 
uilrasontc ofomoots of pfe^o^lacuio cjoram ic io be 
bondod thoroto. Thanks to high thorJT^ai conducttv- 
ays she sphanc^l «holl 33 of Isghl moia^ m iMmUs'^^ 

m to cml pbso«^iactbo ofemodt^ during highHotooaity 
ullrasansc ioadEatiOn and afso m ground 

olectmde -of .mch pmml^cxm- afernoot. Th^ sha§i 
alSiO tprma p^ft bf a iransdd?ia;r houaInQ a?Kl it j« 
pfW*<?bd 'yv;^ a ooodtsst S3 of 000? jn^ ffuki ibr 

m dopr^ving boat gpner^jted doling high^rrjonsity \iU 

irm^mc irradiation moootad w:tf^ a wa^r bs^g 
SS fiontalnh^g d^^gstis^d^ w whsoh fiuskoa osay 
acoMa^ic coMp^jag to isurj^ca of !ha body. Bjno© 

0 
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mi^grsesiksrTi of <^ummut}\ hm ^ imp^^i- 
mm- vst^icr^ is Intermediate ^^^iw^en tf^oe^ th^ 

ths sp?i@ficaJ ^Ml 33.fe :^o s^tei^d as to a. hall- 
wav#IM3ti> of f?^ mmM i^armoj^jo wav^ but tm 

ihk:kf-^m \m changed lor pari of thcj 

tuodamemal w$t:N/e^^:^^ to 1-N and the pan 

<^ Ihe s^?ot?nd harmonic wav^ e^larnant^ 2-1 to 2^M 
to isike a v^!U^ 1/4 wa^e?6?)gtri of of mo 
f r^jquersck^s, thereby i^tiprovsr^g tmj>smir 

Accommodst^ed io a hpla t^c^rm^d In a 

48 js S: pLtJi^ ^scho transrnjtfef/imas^ver probe SI 

dedic^^W xAUmor^o ii^m^i'^. The imsic stee- 
tarn of the> probe; 2 1 is^ ^d^nttciarto thist of a ^5;i?aof 
sicanrilrj^ t^po arra^ pmb§ m t^B uWmonic 

mm^., ^r^ central fi^quetiey eat fee tv;?jce tha 
rasonanq^s fmquoncy of tha ^socor^d harmonto w^o 

^^x^-d'^moh^jomra^^^^ probgi to im^^o a pU^r^lity of 

tomD^ia^T^ pianos, Ihf^ ji^mbe 21 fOiatabkJ roMivo 
to 1:Hf5 tr<5nsducoJ' housir^g 33 and b rc5t*5l:eid a^x>!Jt. 

omtv^l iaxi§ of th^ it^jn^docor by fn^aris of 1bo 
fotat^r^ m^^hanism 23. 

a geometriicaric^callohgl^ of aboii^ IS? cm. an an^y 
outor ^^mmotof of MmM ^2omy mr inmr iM amotor of 
iibpixt 4 dm arsd a dtam^or c^f aji^owi B cm of a 
o^ro?^ for soc^idning tvvo traoNs. Smco autor 
tmci< for gonoraUng ihe k^ndamontervvaye t>a$5 ^ 
<^mmW vvhfch . afc^out twlco- tsa <flsmotor of tho 
k}mr \rm:k for gmm^mg the iSfesot^cJ harmonic 

auba^anJja^ly equals Ih^il: of a iiOcond harmof^k: 
v^ave spot 051 tl"^o tocal piaae and f ho g^ne?'®ltoe of 
cavitation based on synorgistte eff^Otpf two 
lj'^qU^:i^:?Ja§ t^h b0 carfl^ cfat s^fl^o^^^^o^y : 

Whao for tbo 15 cO> an ay oaf or siao tho toor 
dja?r5:$^^er ss 5^et tp 3 cm and l^ie dtamoter of tbo 

cifdo soctbr^a^ the tw^: tm^Ko 1$ a^i to B tho 
oiitar feaefe mod t^^^ irsn^s^r tmck sJmost «»<aot{y 
^nafegoys lo each otHar in torms of the m^io bo - 
fw«^^?n wavafeng^hsi aod fher^fero a poak <icouelic 
prossoro <:}fetiibutior: of tbo a^con<f harrT^onlo v^avo 
a|>fjroKJ?n;sf0j5^ aQOa^ 5undan>€inta§ wswo 

ph Ih^ tocal plane, 

Wtth tho prosant coallguri^iifon, tho forid^imoafsl 

wf&ve aod tna e^corjd naai^enic wsiva siro ioadiated 
sijmoJtgriooos^y on a^J% the vbinity of to foa^j 
pomt and t^w^fer^ by catling IHo focal poijTF^ in m^ 



frradfatad Pi^^oat, eavstaiioa cm Micfaolly b^ gen- 
pratod fpcaiiy onJy m the von^y ofthe fpaatpOjrst. 

5 §hovve m exampJo in whicn a mcfangular 
arr^y la as^^c^ m tho ultrasonsc tron^dOi:oar uf^ m 
$ iM pj^a^ol 8jY^bodlmam. Itr iM HQura< parls J^ssv- 
jng tlip; ssrnp kir^stipp £te aatt^p noma ao parts 
in Flg«.4A ahci 4B a?^ dssignsta^ dy identscal 
nuaiami^ aifr^5son?c transducor formod of a 
rec!5ingtj!^r piss^oalaciriie :{50ram«o: haviog a ^Titnor 

jntQ M ol*&mori^s and 2N ^i^mor^s On op- 

^cjosi^e ends ot fhp m??ior s*de am e^oofdcal^y con- 
n^dad togathor to form an array traosd^csr con- 
slatto^ ot ^loc!ncs% fn<l0p^ad^nt ^imdamenta? 

i& wav^ gaoofa^ng alafti^rvto 1-1 ^ t-N and olap- 
tncafiy independent e^ond hamofiia v^a^o gan- 
arc;tlng abmont^j 2-1 to S-^M. Ao jnadiafkjn surfaco 
■m^: m m acouaiic msi^chm§ ^yw 33 mcls? of a 
l^gJlt aJioy:, PooM^^O"^ as-Ttiwin cohststo^Pt ma^jjiio • 

^iS: ak^f^r akin^?m3m; forma pa1 of a cyrjbdncaj s«f* 
tana and its oonoavod portbn Is f Iliad v^ith an 
aooostic Mlm o)^?do of a polymer rnafapai w^^ic^v 
e>iNbJts a acoustjo S|>e^d pomparabio to or sbw6f 
than tha^ of y^ate?' and which h$i^ the auHao^ 

"m ferr^^od :as to be fsat or convex, so: that Iho trans- 
ducer as a whos© form^^goometoocjf iocs on o line 

Tbo iiltr^aoti^c tAijii;^duoor <^oco?yi^n9 fo ^n em - 

b^Kfimeatof Fl9,S has «i basro s^lruciufO which fi^ac- 
Sfi! tion$ aieo as a I fnoar scanning fypo or sector 
^oarjn^og type array ^xoba u^^d in the oltfa5*on?c 
<?Sagpostsc apparatus, -Acopf^dir^giy, usifvg pan of 

ihe testO ^RjctPro jshown 1r^ Rg3 wfslch ia 
nioved of tha probe 21 dedicated to ultrasonic 

m kmgmq a? ^d li^. rotating mecha^^jsrn '2Z; tba tr?^?>s- 
mssaioo co^stf^ol osroi^ii -My tb^ tf^o$^o>iiyy?0^f^bof^jng 
ampi^iflor M and tba rocoNfog foous oJifoOJt an 
a^r^eonjc pufsa acte tomograpbk: anage neces- 
sary for po^ftion^n^ an irt;adlata0 obj^^ot cari bo 

40 QbiipmL But. Ijk^j tha ordinary jtoaar ^oa?^mo9 type 
:or ^epior soapn^ng type prct^a. tN^ ti^n^po^r <?an 
im3<^ oniy a tomogram psana whkb e)^tonds 1n a 
d^roctJon poi:aflas la tho n^ajor ekle. Since f bo f un- 
iimnm'^^i^i mm^ ^mt^ng ^^i^^^ alP<;^noaj^y 

o*db dsrectibo vybecb ae oat to ba oboat Moo a 
wjdih in Iba jTuoor sida d^r^otjon (a dupetion or- 
thogonaj to tbo ;iK^jrgptiqjii.v p? fbo 

second baBrtoniq ^ave generating >Sf!en>&^f)t, a fun- 
daniontat wave spot apd a:^pcond barmonte 
spot expand substantially equally m the minor s^^d^^ 
diroct^on on tba focsi piano and the ganaraiion of 
ca^iia^ton dua to tba jsynergjjstio e^f^Pt of tb^ two 

cme 0- fhe pro&arst canf^parailon, toOi ^b<:> ^.^n- 

idani>^et?irwave aad tho eecppd harmoa io wava aro 
^yn^osi5!od in a modlofn spd tbe twp~|}oqoaocy 
wavea L^f^ jfYadlatod aimuflarsi^ou^Jy m p?^Jy Sia 
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CM msctfons induced by trf^^cav^iat^pri to iho tlw^-^ 
pmit pi«pos^s. thi^ fe^d^ an ^dmnt&g^ that 

RaiSimrig 1o fi^B. nxmp^^ will M 
scfitbmi jn which by 5^mdic3t;ng u^tms^>nfc wsviss by 

m^^ar^s c>v ^iio u^tmsoi^ic irt adtatiOi^ ap^psimju;^ com- 
prii?ed m iM^mmv tfan5;<;JuQar ol Fjgs.4A arid 

to^hlcn o^oteuiar iodiOi^ was M?$as«d irom jodi>:<Sj 
}>ns by Dj<idaJion, An gtqiiec^i?? sojutjon of potas- 
sium fodids^ JsddM w?tt^ hydniit0 was |x>uf i?d 

of ^-e^ea^ed iodine was doteriT^sned l:^y ab^-orbanoe 
?jncl tfje fate^ the so?io-chemicai r]i?5i«:;UQn w<3S 

laim^d wh^in ^ifijrjdamfsn^sd wav^j- of ?B0 kHz s^nd a 

$imuiiferi8ous5ly white ihitj ^ym of pw^jr i^v^ls of ts's*?^ 
Jwo waye^ b&Jng kept to^ ooi^^a?it am plotted In 

reiEatJOf^ to th<5 raijo of fyod^smef^tal wavv5 power to 
total uitrasoojc powor. If^ that case/tho sum of tha 
lundameTJtfil ff^Cs^onoy Usfca^ohic wave inf^o^iiy 
'm<^' ^e^JOsi harmonic ultrgt^duod ioion^si:^? 
e^bmt M Werr^ m th^ vicNty' of ths* pofnt: 

dam^^otaJ wa^o or ssifcorid Mrmonio vvav^J siono 
was wtihso tJi€r^Kpe«0>enW mm mr^|€s> tsi«& 
^yf^e^-^isfe elfeot ofesn^d by the ^im^ltan^iotis 

mdjatiOn ot the two wav;e?5 fOf^>arkabfe, sii^d 
ospocia^^y. high aono-oh^mica^ j-oaohdji rato was 

tte lolarulfe-a^r^fe 0.? \^ 

Ffefefmig now to to SO. an ombocljmsm 

SiG?"5A^^iptjDn of Iho 1uod:5mei^ta] wi^^vo am siMrt- 
tiosl to tho^o y ^od for tran^miasiofvv^^j^ptlor^ of tha 
secorid harmoAtc wave. 

To ^l^$odM a tmn$m^ti0f ei^meot it mlomM 

of a p;Oi?0otetnc tr^atOnal or a n:i?ste?hai hi^vhisg aO 

&ooostic jrnpodaiio^ aq^ai tc> IbM of tha pjo^o^fao- 
tdo matS;rjgAl a?>d tts toi^f ihsckfia^s^ f to cor- 



vv:gve ml Um p:M^ ^ckmm but a pmiiu 

thiokfjo^s ro£|iDO iti^ drmm piO^xj^^Joct^icaJI^^ 
thomby makirfg tno tr&o$m^U>^:' a?^mant active 
bo^h the fundameofe^ froqoency ^nd the^ second 

cy^ Thte j^>?p^<jl}^f^t : fOt^ aypN^f^g such Jncon^- 

pteoo?eot?ios^i¥ joaotlvs^ at f^oquO'ici^rs of ovon 
OM)lti^)^€^^ of il'i^s: fundamental fSJ^>OJ^oc^ trequonoy 

Alao, the d;ri^ve oimoil to hs operatad as usuai 
wif h a ddve wav^lofm m1he f o?TO of a ^h^^; v^jw or 
a fectaogusa!^ wave hsvm§ §0od symmssttry m- 
?^ saifeiblo to gif^i^^ate otes^^o vmve^ d^ ^^^oqu^n^ 

cio^ ot oveo moMlp^os from Ih^ pio^soolactoc vibm- 
■tbif eiemoot boGa?;^so thjs dove w^ivelofm do^^s not 

js^ cumWm^ Si ddvo p^fdo^t which la opOfM^I wjIJ- a 
dh mmimr^ m th^ form of- a wavofori-n oontabv 
iivj iotonded f reqiwohpy cpmpomats. A expods^ 
mi i$ mch that wha?i a reotan^u&r wave used 

liho dove wav^lofm, the rstfo featw^n hmes fbf 
■0$ tho rao^angufar^ ^;v:av8 to- stay at high and low two 
potential iOvals is not set to 1:1 in llio usoai 
csise imi If to t'^ asyjyifmtrical A s^cjorid 
^^podtent cofid^m^fig clnV^ oirdu^ is ^M?sf> that 
m piaoe ot u j-eotaog^j^ar wave> a asiwfooth wjsyo o? 
30 a ^t^ppod wavo ajmy:at^nj3 tho sa^too-Jh w?:vo is 
yjs$?d a^ thiis? d?'^y0 wav^fomii. A th»xl ^^xpg^dJis^ot 
Doncarnjhg the #lyo circuit ^uoh %^4l a %ipacitor 
and afhindncWce are yy:Niad to the pie?Os?ft>ctdc 
vibrator afema^il to torn a {■asonsoca circuit which 
^ maooa^^ at both the funOamon^at^ ffeqiJonoy and 

dmm by a ciroust dnvP« at tho fun?ia?T^aoJa^ fm- 
qi!^7ncy ancJ by & oircu^l ddv^j<o at ^ho s^^ooand 

4Q in iXinrmAlot^ a pk?^oeJ<aotoc tliiicknoiSiS vsr 

totpr i^lef?^em tmmi^ of a ple^p^tecfeio or 

a :riaro?1a^ having an a^oiiatso jmpotiE^noe iKjual to 
that of tho pjesoolectric matohal and fmmg a 
tNcknas?^ of half wav^li^ngth ot te fuj^d^imoma^ 

wheieiin a region Oon^5§ippodin;g to a« aOou^tto 
thjckoaa^ (a thtcknas^ oorracfed idr ooo-uniiorroity 
wh^o tho vltJrsilt^r piiomsfit Js pot uoiferm for the 
soond spasjd of th^ rasonanc^e m«xi<^ jrvqui3^t«on| of 
m ^ moasufod frorrs ^0 end i$ ddven pi£^zoe;oct hc^iiy . 
Of the piO>j;oo[oclno sfrociorv?, a porhon 71 driven 
pfeoolootrjcaliy and a poilion ?^ not ddvon 
i:^:eoaj^otooaljy opii^d aooMSiJcaijy by ^Int^ong 
OF by rhaati^; of a N§Hhl^h$*ty ??dPd^^ sg^Pi l>i 

S.S an eKampfe ef an otectno held je appilad 

^eros^ an oloclroda 74 eovorjng tha^ povlio J2 and 
en ©ioctrode 73. Th^ PP- ttop 7Z cmm^i mth the 
aJeetrode 74 staiids for ih^ j>ojiton which is jiot 
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ment at iho lundam^^nt^i |j's$qyency m4 the second 

E s constant dfjtorm t>y :h«5 mMonfi^r 

thickness h driven pj^^pekKlnpal^y- cprf^^pands to 
the case of 1 ajxl in this c^&0< Irom {Eq^jatjon 

indjcaljiig [hat wt'iHa 1:^?^ fu:ndam^$r^l5irvvaYe cm M.- 
cummtBd, Xh^ Wconii harmonic wave cannot be 

siance $tet<& St ihe s^scond Iwmon*^^ of 

tion. f?^e i'em^^^ning half >^ n^quir^^d to 1>6 distorted 

tmM io be driv^j^ in onJy ther mp# the 
whoi^ ihlckne^^ Is dlMofted unifeirmly sn^he corn-" 

tmnfVv lor <s - !f?e ^ ^i — js; obtajnuid 

fmm {Ec|uiStjon 1} and {Eq^ 2)^ jnd^catiog thai: 
the ki??<^aments5^ wsv<5 end the s^ciond haa:)icfj?c 

wjxve can J:30th b^^conval^sd yvi^j-j th^j ij^m^^ cprsv^jf- 
s^on f5f!;cbnfjy. 

fi&ferrlng fii-^i to the cas^e of mcisngu^ar waya 
Power ^iirid pawer o^ th^; fund^^m^etal fje* 

qu^^r^cy cornpons>nt and second harmonic compo- 
?^ant c«)rila«f?Mle 5i f^^^^ wave which the 

e^ay t^Jj^h ari'd low tv?fO po^^^^ Jeveb - 

wtes? F J& e con^^taot dels^^miJned by ^ iMi^t^n^QB 
b^tws^eh ih^ hip aj>d Jov* two fwDtentiati te^0i$> that 
so, th<5^ empBhido n; the Wm. ThB miM^ mckii^^Mr 
ws;y^ hav?f^0 ^ocd ^^^^mm^try coo'es^ponds to th^ 
case of J - but m eas^. l^m {Equ^t^on S) 

indfestfrs^ the! the fundamental lmqye?i[oy oojt^po- 
rtefvt contained but mcoM hjitrrrionsc oonipo-- 
nenii is 5rjot contained. OootmH^y, for ,s ^ iV4, irem 

t^f4 $\m<^, Ihdicat^ng^at a ^:^i?^ve >vav^^rm cehtaiii- 

Ing ooth the f sdan'ier-st^l ■ teqbeney' ■ coB^pon^nt 

aod mmmi fimmorm compi>m(t cm m oh- 
tebed. At that ^tm, the mag^^ifedis^ el ^^ Js rnaxtr 



Hmi, the Cei?&^ vvIy^j^ a savvteoth wev*5i oi a 

^teppeid wEsve ejrnafsfjng the esvsfJ«>o^^ Is used as 
t^^ drtve vvav^rom^ w^ii he dj^s^sdbad Since it ss 
wail known that the sawtooth wave has ^reqU'S^Ky 

f r^uehc^y . el:<ssppsd wsys^ slmuJetif^g thj$ 
aawlooth wav^ wiiJ d^^crih^d h&r^m <|re:^r 
dis^t^il Power 7?a and power ?>; of tN<^ fondaoionta^ 
tf>£j^:^a^ncy coreponaol and ^e^^ond hsjf monk; com- 
ta ponent CQhtaini^ st6|>ped yvaye ^ ^hovyh Ih 
Ftg.tD m which the ratio beh^re^^n tifmes for th« 
stapp<?d wavo to §tay at ^^ilhar ono of hl^h at^d low; 
two pptentiaf levels and ein interme<|jat^ pot@:$^tial 
level - 7): are a>ipmsfed tjy 

^{3: wher^3^ 0 a con$J>^f^t <liSji0oriin;ed by a cljl^er^5r{C«j 
batween th:^: hiah^od ^ow tyvo pot^oh^^l fevers, th§^t 
1% ampli^ud^ e^f^di the ilKe. The ueu^s ?Botangis- 
W wave tiaying Qood ^s^^mmojtY o^xj^spoj^da jo the 
.mm of y 1 butm ihfe caao, from (Eqoa^iioh 5) 
and (E^:|uafion. 6), m - ^ so^d ^- 0 sistnd, 
indicating that the tondamental freqooncy con^po- 

nent ]e not e6P^ta^hed^ ^ 1/2, t§ « 

vr^ F/^ jis Obtained Irom {EqMaik*fV3) ao^^^ {Epoa- 
tion 4), jndicat^ng thsl a dhv^ wav^J^rm cionta^oing 
the tendsmenigt^ ff^ueney Cipr^Jponerit: and the 
sfeceiEid harmonic eomppn^ot fi^us^ii^ cm eb- 

As showri in ,Fjg..l":: , whon s circuit, io which a 
m dape<^jJdf cono<sie^X;d ^h paralJ^^ wSti a pias^e^sla^i- 
tde vsfefaiof el^^rt^eot Id prbvkle a i^tal os^papjtafKJe 
0 (40) end besid^e mdudtan^se^ L (44> and jtil. {45} 
arid si c;apacjtanc?s C (48) ar>^^ addod, can be as- 
sumed to hav^e term^ea^e 41 and 42 connected |e a 

aric©: aleetildal Impedafioea 21 apd 2^ as vfe^ed 

ff prn the i^mjsnals 41 and 42 can bp c^xprsSts-e&d by 

whar^ rspment^ ^jogu^ar veldCJity arid 

^j^a^ids when J represi&ats ij'riaginar^yf lshH. Foj' 
t^i^S and 0/25. hdm the a?:*oye Eq^atlorts, 
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are obtBinerd, At t^jM tsma on ti^ baisb of (Eqi^agon 
12), and Z:^ arp both miiwriized when <o^-CL ™ 

qi.f^H'Ci^^ ^ifsiag at s r^mo of On the ba^JS csf 
(Eqo^jjon 11), and Z? ^^^5 m2t;<imi:?^5d 5>^<^^CL 

vsntag^jous to coojstoct fhi^ mciM sisqh that th^ 
Wmm^s 4:^ and 4S am driven at ih^ lundam^iintaj 
fni;qu^ncy ^3nd iho ^apond harmonics respectively. 

The ovsjmil corif*8^^^^^ m m^bt^iiirnmt of 
sr? j^?$j:iai$ot]f<:: If^radssttw ^ppsrestui^ ^^ocording to th^ 

: tl>0 • .scog'^t^c i?av>tatjO{t Q^n^j^iijng posi- 

sho^n ifi F?gsJ 4A and t4B. 

TNs 0jTsbcd:im«^nt m ide^r^is^ssaS to Ihe embody 
me??! d Fig .3 with the ^Kc^sptfen that; th^ mmi 
t^mm^itrng ^l^^r^er^: Ls- ua^^d in common to Ihe 
lunde^iTi^f jt^i:! wave and Ihe ^secoiid harrnoniQ wave> 
If^fiJrtViBtJOn cohce^rhii^g uUmsdJi!^^: jrcsdj^tj^ jilwa- 
psittic. strsfcMgy^i^ tev' rspot mesf^s 31 to 

Mnit m^^jrr conirol c^fCUJt 20 to s ddvB phase gen* 
^raiin:g c^rouit II. Phases for dnve of transdi^cor 

v^i^av^ss and ^KiprnJ h^r rrt<^r!jc; wm^ am aj^plM 
dnve^ signal gen^^^mi ing c^rcu it^ 7 1 to 7 (N basing 
th^J> total number of l^ans^d5.^o^f jnd^iperid^ot ^^io- 
monts). r^spi&dt?v0|:v\ Control sigf^als for drjve. sm- 
pJitBdi'>;g of iyndaf?>e?yiaj w^m a^d tn^ ^m^onti 
hnmomc wsve ^uppllM from the Irrac^lation 

uf^it majn control tLtfcujt 2D |:o tho driv<ij sjonts^ 

sign&l^j sMp^ii^sd to e^^m^m; d«v^ (^rcu 
Jo to mv^ ^ gmup <>i iim^ 1^1 
lo i'Ni fe" ^rr^idiaiion. Tho dnv<s aiTip^ttudo?? cad 
&?$o bs^ cojilro^ied f>y s;t9aa)^ appJIad rrOf^^ th^^ 
te^diation imt contmi clfcuil SO d?reo% to the 
oi^ifmml ddve citcuits 3-1 to th^t^b^ (jsisudag 
steady snd t)pm^mr^ oi ^fTiorgancy ^top of 

Fig;t2 sIkjws the cofWiguf MoG of a OircMH of 
on^ ^fom^r^t dl ^o afem^^rtt drh^^^ d^tJUJ^^^ 3^1 3- 
and Fig, 13 s^5pw?5 th€> configtirat^on of a push- 
pi3^\ typo s^^ft^llcf^ii-:^: cn'ou^t toro%g a part of tha 
ciircMit shown m Fjg. 12. :0?.iiput port^: of s feri- 
d^m^nlaJ ^'y^v^ dd^'er 47 asxi a §apoj>d MrjY^.&mc: 
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V^^e ddv^j^ dtiX^ttit ^ii?^ <x>^?^d^^ io ^ao^i 
me>nt throttgh s Otrpuii wH?ciV has fho bask; mnJigu" 
ratiorf ol r^g.n ^fOd which m^orsates at th^ to- 
damontai fmquoooy f^ arid th^ ^ooond hatmoalc 

up ^ c^mbbatfen ^ioH *^sdJ^^t^s ail fun- 
dajTifgJdtal J?^?^o^iOcy 1:., othsr w6ird$, 

(2vffo.f CL - 1 

startds. 

that tho Qormactioo^ of a cooatani; potoofi ai ^ouro^ 
40 on km p^r4^ ssd^ ti^l^ omp, 
pdt^n!fej) and a oonstart pot^ntjd ^ouroo 50 or? ihii 
NQh: potential S5do io sij^ oo!pi.^l ^iormina^ 52 are 
switched on and oft dy means of switching olo- 
moni§ 53 a«d §4, tiS^sp^otiV^iy. The output taj-m^daJ 
5;^ s5dpn^ thrpugf? ^ cQpiacjtpr 58 tss <^@?iM3r 

m o«Jy AC compononISs For sf^*l35^i^{on ^>f pow^f 
^uppsy pofontial a capacifo? 6^9 m ooonoo^od s:>$:- 
tyveuo the CDn^5lantj30tafi^lial sources 40 ar-d 60. An 
mpui imv\ml connected di^>scti)f to a gata of 
the elemoot 53 of? ti^^ ground polontial 

■0$ m6B biA i^a ■oon.ooots^d thvoogh a .oapaoitor -^56 to a ' 
gato of tHo sv^iledfdg elorneot 54 on iHo hot poton:^^ 
■ti^ stda PjQ lev^i on the: gat?^ «>f ths^ swjtc^iirig 
^Idm^ipjt §4 is dofjtmlK^ by tte actsw of Hors^^^^ 
diodo M havsi^g a Zmmr ixjts^ntiaE lovof of a g^ato 

30 drivo Signal smpntudo {tha d^ffe^'onco l:>ot>)^oao 
mg>?}mum p<jtetiial a^id mktijrmfTV PP^dpog^ auph 
that t^^ ma)5imi.^ potanMl ot the gate drive ai^Eoai 
eqiiais tf^e potBi^Hal ot the constaf"?t poionfial sdutca 
W on the hiQh j^otat-^tial side, tn order to pt-evant 

as tummBY of tho 00 fevoi, a reai stor S7 is cuj^ueutod 

Tho iitadjatior^ tmusducor conflgu^^s^d of tf"*^ 
gjoujp ol ofomotiiis 1-1 lo opo?alo$? ^^fso a^$ a 
mco^vh)^ If ao^uear for dotaotbn of cavitation g^n- 
4Q s?rat€3d 1?) an ifmdiat^^d odjsjoi StgogiJs m-i^iv^d by 
£ha inc^vi<&sl ai^mants ai*e ra??i<3wd of oompc?- 

non:S of ihe irradiation signal ban<:i by n^oans of 
band-rojaot fjltar^, ^j-i to ^-N, theo led to racoiving 
amppef^j to $o s^ io ampft^jd tj^er-^* 
^ py atid a^ji^lad to a racoMdg ?doua ^ircdit 13^ 
^fnoo tho output port of - tim:^h of the o^ofnont ddvd 
cfo::u}ts 3-1 to conn^ot^d 1o the fow impod- 

i^noo df<;uit th^*ough the maon^noo mrmli opwafeva; 

m scddod abovo> the output jmpadauoa o^ the ddve 
circuit W5lf not act as a 2$honi at lT0<:|uai"3dN?>a d^- 
tunacf imm tf>a j'oapoctivo snd Sl^ to fetorMa tha 
f^odtving ai&usitivjty, 

Oi^psay ot ^ 0oho tdmd^raphic invag^ l^y tfitd 

afray lypa trariBiT!Jf:$oivracoJver piodo ^1 dedk-atod 

to ultrasonic imaging and motion du^ to broatning 
of t^e objoGt portipu can dualt mth in tba samo 
way as that hi the esribodtmanl o? a^d w^ll not 
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Refemng mm to R^s l^A arid 14B, ihe- dlh 

diicar uojt shown in HgpAA and 40.- A Ht^tmi of 
Bg.X4A Showing th^^ s^t^^ of ih^ tram^uc^t 
s?jen ffom b^feW ^ir^d th^ 0js^m«^^•^t5^ ^^s^x^JatM m\h 

pad p0?1phem' c^rcust^ >^ the samo. 

pl^te%j>^ pistso^iecxJric; c^^mmc hmi^y^ m\pkm$^ 

of 1/3 W5iv^:>fength of fundamont^^^ wtive ( - 

stf^ngly i^and^d. by tonditng ag^i^nt of resatiViSiy 
small m^^m^i ^Kpaarislon oc^flfefent^ a pl^^ 

matedal bist ia macle to be essenWiy ps^^oefet> 

vvsihout sppJymg s^laciixK^e po^a^•^^5^>8 procai^s- 
sng ^O'S? W^c^J has tl ihjc^msis of ^suv^lm^gM pf 

five plate m^5y also ^^^s sv^sdo oi a pla^ioeieo^rica^iy 

momiip Impedance whjcti m ^raximateSy §quai 
io that of th^? piBs^o^sbctnc cammjc;. W?^? thes i^m- 
tgnf^oa m abovo, an uftrasonic v^b^^^ elomem 
hayirjg pte^o^J^^sctf ac -l^ivHy both th^i frsqijanc^es 
of th^s* fuodaro^i^tal m\dt mmm^ fmnmm 
iilim4. Uki^\nitior\ M th^^ m that 

33 foirmiog part ofth9 htQiiSlng ma^^ i\0t 

<iU<p/ bul j^f ms<le} of i^snc or coppor, havsng a 
tr^ioknosa ol 1^6 wayalength of ^ho fursdafTiorjIal 
wav^j- ?;nd a pfeois^^^ctnfe c^^^amic aiernent having a 
thfcko^s^'SJ oi t/3 wav^l®n§y^ of luMgtnwntai 
vv^av'S bonded, the pl^^^oeS^tnc ac1ivit\f can b<5 
oMiiin^^d M ih<jj f^^jquf^ncii^^a of bot^> llx* IUf^damaf}ls^l 
and th© second harmonic fout the ^tmotur^ <>r 
pjg$jJ4A stod 14B ^l^g^^tHy @yp«dar ffpm i:hi^ view 
ol acpM^tlp 5?i^parat?0>i toet^'^e^n adjacent al^m^&nk. 

A>::on^modal>>>d In a clrcuU^' ho^a an array ■ 
CBVf^B^ ponion sho^n in F^gsJ4<^ and 14B a 

R^vtS allows an ax^^mp^^ in wntch a roclM^i^- 
Isf m^y is u^sd ^a teu^tra^omc; ts w?^$ducw unilor 
th0 prss^p^ embodiment IMb \he: relate oi 
Fya.l4A and 14B to Rg^.4A and 4B, dr?5w?rjg 
iii^usfrafion ihis cas^a ditff<^fs from F:l?^.5 oniy m 
tha^ wsva ten^^mittor a^oments lc> 1-2 ^^re des- 

or plaso^Jac^tde ^Jesma^ l-t io and g-l to 2^^ 

<iEid to pkmpnt. ■ t-l to I^N s^re rr^iiiualty 

oonmcl^d a^^atf:3cal3.y to ifia corre^pof^dmg :^^^^a- 
rmii^ts, 3-1 to buf csn dnvaf^ at dJfeer^t 
phaj^^s relative to tj>e aiermdl^, 2-1 io S-N, makbig 
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it pga;iit>}^ to m^^ ^ km^ pwt m m^ mf^' 
tMtm^thn spi;or:d*«g td tho focusing ateng & mtJnpr 

1n th^i^ forogomg. the dfei»t ooofsgurslbn ca-^ 
s of supadmpo^ii^g th^ second harmonic v^^aya 

fen lter^«> at s ^teti^d :^rnp}jtoda ra^so and th?? 

apparatus oorjiigu ration including tha sama ^javs 
^55:jen d^cdb^?d but if it ausJfces^hst tl^^ Ijmjtaikm 

taf v^avp to $uparlniposod th^ifom. lha auponm- 
pDsi tlon of tho y^oond harroontG wave can d^s af- 
fected vyi^h ^ $^r(^M}(^ cmn^ W?"5M a 

Mm6 m rasuiit o^ tha? aupedmpoajtion, tti^tt 
wHe^n th^ ^ac0nd Ha^rnorfiG wavo sup^nmpo^ad 
on iha londamem^j wave ^n ^ ^i^o^mr^m^ m ao- 
m^^iv^yw ra^^^^on, If w ppsJvpuJs typia mcmt as 

^0 ^howri In BgAS 'imy bo lia^^d by orm ckciM per 
a^bm^nt. Narnoiy, w?^an th6 t^^o ^svitohing oJamon^a 
53 aod 54 constifuting iho ps^^sh-pu^J typ^.olrdyrt.aiie^ 
contmi^ad such mat a ^tsite of i8*^don»i§ m and 
rdndoring 54 off and a afat^ of mrsd^dj^p :5S-'.q?1 and 

m mfi^m\(\^ M on am ropea^ad, an ultraaound at th6 
fondamonta? fr^guariav and an u^tra^our^d at If^a 
second na^?Trjdf:jd Imqi^^^nc^ can b^^ s^adj^it^sKl sat a 

wSivafpj'O"* £;tay at i;ha ra:^p^Kiiiva st^^a:$ to a ralip 

Wben ^ y?av§torm as s^ovvn in Rg-10 la 4=$- 
a»ad t0 be odfatfi«d a^^ a ni>^:o5t of Ihp aup^^fjrr^- 
pagilfon, that is. vyh^n the saoand harf^-^ontc wav^ 

m <lasirad to be ^openmpoa^d oo til'ie fundao^^ntal 
wav^ in ^ c^ina^ava fo stne^^ a 
Oirouit confjgui^js^on aa shown m Fsgvl^ nooded. 
0:iO osrcut of th?^ typo ja «sod 0ar ^^^a^fOent to ddv^ 
tha pio^oplo-ctdc vibratof ai^^mani. By aontrollng: 

40 irtput tersMs B% B^, BjB $7 of ddve 

S3v and 63 wHh 64 thr^^^ Qmupa par ptp2::D55tactfijc 

vfeator a^emanl. adapta<i to aw^toh on and olf the 
<g:k5CtdP^i cdrtmfCttdn i30t5«?^en ?0sp<jdt«y5SJ tJireis cPjs- 
ppt^Msl soiii'ces 60, Sidd 49 ^ind the 
pie?;ofJ^oatn<:^ v?bmtdir islerTOnf: m ^acPPfdanca m:h a 
ttme char! ahowa In FiQA 7, a dhva ^mMotm M\>- 
tr^^ atoaper dso ten i0 $npwn In- R-9.14 can bo 
obtain^3^d se m^ oiAmi mimktm ai a tsrmfesi 52. 
^0 By changing tha time ch^ft; 4 dnva wavdform oan 
at*;o be obfasned wtiici't ta atep^^r when talljrsp than 
whan d^^jt^g.: In contrast v^llh tho as^^a obtaining tha 
<Mm w^viikmn 0f Fiq. 17* to which jte <|ase 5d|>i*l 
tsf min^i 6^ r^ma^m^tl d^f^ $ne ^ai^ odnt?pi df tarms- 

nal 07 mfwiar to thM appiiod a> the gata ^npnt 

t^friFrtnas 6B tn thf cap of Fi§.i7 ta oamad oats 
Acpofding to tl^e drcojj: conf^gufs^jotn of pjg.14 
smce Ihe ddve wav#5f!^> yvhseh csn be oblale^d 
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cle^shabfy <Min^d Irs test phas^ m^at^on. The 
j{^pE;t If^fmjnal 67 coj'tn^?ct®d <limctly to a gats of 
1^^ ^WJtchifig i^tem^nt $^ but th^othsr ir^ptfl lw?iil> 
m\% S5; 66 6iS ?50?)?i^ct5^cl to gs^cto^ of th^ 
;$#itc:hmg ^I^^JT^^rvls ^^3, $4 arid m^p^ciivdy. 
through cirDi^ils StmtJa?' to pBmMiU ckmlt 

pr^svfisnt rov^jrsci curr{?i:its 6f sw?k:hm9 <ste merits 

wstit djode^ ^1 and 

hsm ii^mth^ wher^jn an ess^c^Jronfc inning 
%yralion but con^sd$5md to be ©xcoltent for g^nej a? 

dim^ri but ih^ B^ppiimtlpn thng^i iof Ih© pr?^$^ot 
}nv-2>ntk5n r^Ot ^jrnHod th^^?^?o isnd enay ^-iSso b^^ 
:;spp??6d to a ^^og^>5 "^ocu^ m^inu^l scaonsrsg type 
trsnsduc^r o? a smglo locus meohanso^if scanning 

Jyp<& twisdMosf, m ^xarnp^^ of wf^^ch m shorn Is^ 

35oetbri<i| .form m Hg.lB. ,md a oofHoou^ ivpo 
plam wave traosducer an axan^pJe of which is 
snov^'n m ^Qc^on^l fDrjxi in Fig. V0. In th^s RgufeSj 
ar« «iteclmde 73 6S covm^ot^d to a o?ia)iial conn^o?x>j- 
76 by k^ad w?ro 7S A tJOtm^g 77 rr^^^jcle of a 
of hsgh th^jfrn^l 0<:>ndi^cijvjty such iJi^^ coj^p^^r 
or aiumjr:um provjd^Ki Wf^^ ?t waiter cofKk^it Wi<yr 
coo^jrjg to cieipTiv^ heat y^o^ml^^d l>v th^ pji&^p^bo* 
Jdo d^we during MStr;asounci ge^n^mihg opemfen 
or, If mcsm^f, cOv>J Bfi o^^ct jjmdj^it^d wJtJi o^tf a* 
sorsic vvav^e^s lsV F^0,-l8, tha thfcknoss of ttio centra? 
p^irt ol tno acouoJ?€ !on$ 79 made oHn^igoesJum or 

%t; plat^.. ;m^dj^ • IgHt metal -^udv.as maipe- 
Of aJumtfty^^ ^ ^ be? a 1/4 oj" 1^ 
wav$is^n§ti m tha fundamant^ii fraqu^noyv thus 

s:iifing high o^1so^^^ocy . The thk^knes^ a conh'a? 
portior: of Iho >aooo^fe Ions 80 m F%J8 mad^ of 
msiQoei^Jum or ^ magj^siym>4:;^si@d auoy i$ sot to 

lor yvhtCh a high oKrsisoiiic inl^n^jf^y iov0; i$ hardly 
;Obtaf?iad, It was In ^M^ct mm^BikW gmmaX^ 
csytistispo ^ofto^rtt for pfs^sBcat ose j« st non-star; 

W5ivi5 ^^MperjmpDsrfx^ m^^^^hod of Iho pr^^^^nt invert-^ 
tferi ^uccoe<3ad1n "T^akJng g^rl'femtlan' possible.. 
TOrouQ^:) ^m, ov^n whm a pjano w^v^ss tjans^teer 
as efcWrj in Bg.W app\io^ m smUm c^f 
body or ijs^j dM^^tng an op>ratk>a. therapeotj'p 
^sll^jota <::m^4 ba obtajjiod. Forihar, avar; by jm- 
ptetha R noodlO"#>;gpod tmosd^ ^n sxamjsb 
of w^icfj s^owo ^actionarfprmio Bg.2l)Jn ars 



tr&sound is; rather dilfo§ad oy a con?ca^ pari 81 
msdo af magnos^um or a m«gna^k5r^^-bssod allo^y> 
a When 1M ultrasound ^a d^aimd io pr^vi^nt^d 
from p^mg (MHm^dytiw Hp opnfesM it Sl m'^y bo 
mM^. 6? ^ i-natartai ax^ibtl^ip a mlativa^y slow 
$oun<^ $poad 

■iQ mmrl^^ wNct? maka gers^mt^ort oi <^av^^^^^^ 
oliid^jnt by siipG?impos?ng on -Ih© Jdndairn<«otaL 
wava tha ^acond harmonte wava lharaol bat mora 
^I'fscf^^nt g^n^^atbo cavitatior^ cso alsD o^ at-^ 

?^ si>«th o? i^jghth h^rmonte of itm IOo<^Simorit^l #av5? 

on ihO'-atoraro^otiori'Od wavaa.: 

'HmX, othar s^m^Josljj^^eots of tho prj5^^?nt Invj^n- 

isoo ^tsi dasc^tbi&d io '^mm- mtui • wmv .r&M?:^ 
afjca? to f l§§.2t to 24, 

al Fjg "19 la alms^sir in tnis porn^^^^^ r^Dtfoa tba factth^^t 
tho p^^^se rotation diU^ to tha d?flraction a^faot cm 
noQJ^cted in n^r ^aoo^stlo |j©i«Sa of pla^ia -mym 
mdi ihrn^iQW rf pk^m^ waya^ of INo two froc^uarjcy 

■0$ wavas ara addad la aaah olher in tha reapact?va 
near ^oousIjc Isatds ^jo that wavi? f mnt^ of th^^ two 
IrOiCio^JOcy y*:aye$ n>ay bac«j?Yia piSra^lai to asch 
oth^r, ihm ti^ phsse relattsm b^tw?t?o^ri the two 
^rac^uonoy wavasj car^ ?;>a condjtiOnod to bo advar^ja- 

m g^sorss 10 tha ^arsarafe ol acoustjo agitation: ov^^r 
a wido t^gion. 

M cpn^iaction wslh^ ultrasonic ltla?:i&pautic 

apparatus stand; r^Q fer im i::mbM\mm\i of tho 
prasant ij^vent^an: aj^ axamp^a af tha oanf?Qorat?an: 

^ of m intr^ioporailva uteao^^te tnarapo^^itje trada-^ 
di5C# iin«t t^ si'sovyn Planar pii^Sisoal^otdc 

davioas: 1 aod or g^naratiag tha fyndamontesJ 
wava and tha s;aoond barrnonsc yvaya, ras^paottvaiyv 
«jo mauntad aa aS: to opposo to as<?h othar in 

4Q fm^i^ Jiw imt pJa^a^iectdc d<sv?cas m^pmr 
tfya^y %>odaci spoustfc masphifjg layers 7^1 >nd 

Oj^ich rnado -^f a rnar^rtaskinvbasad altOy 
auf Aidant acoustic st^aagfh. Haa^t ^anarsstad dudng 
tho g0f!0f stioio of uiwsoojc wavasi Ja from tf>® 
^ aciouslfe mM^iii^^ layara o^ I^Jg^i tb^tYnalcondu<:t(v>- 
Hy to bou^^ings: 77 1 and 77'>^ aacb r?>ado of rnalal 
of tiigb itemaL conducts vHy aod l^ dapdvad Irom: 
tba tranady^yOr unit through vvai:ar aonduita 78>1 
and iof CDOling. ii necessary ^ t^ts cooling 
fonafe c^n also bo u^ad fef tha purpoao o^s^ coa!;> 
lri§ ilia vjcj:f^?ty of the Slirljica of affootad pari 
atanding for an o^acf to' ba irradiatad with ul- 
ira$oon<l 

m no of the liivar m ^{jrrsBaiBd, tho alfactad part; sa 

kradjatad wi!b ultr&aor^fa wayaa of tha feooamantal 
fr8qosf><;::y and ^soond j^am^onic. sN^^^t^io^jpus^Jy 
from tha both $t<Sas of af feotad part w^J^ fca^ 
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mri<Micrm^ m tse piwr pJ^>S5^*ieclO<i de- 

vices 1 snd 2. Ths tJjst^nm b?5t^ th0 \:kmiir 

mean^ of a p^"^l;^5S mcjvlng mee^hsnism 90 whiJ?? 

pdncipfe to an snt^gw mu^Jiptes of a hair 
wav^jMrigih of th$? fursdj^^m^^rsta? wave. A ^pi^c^^ b^- 

f>6ce$sa^^>?. Witj^ a lolly having the s^ame o^mot^c 
pr;yj5sur^ as the living bqdy ^jssisl th^ L»te^Quncl 
tf^os;feFf iog. A opmpact ultm^o^^ di^t^cjfer gi 
mounted m <i imdi htM formed ir^ ^ c^j^tnsJ poftbn 

M the :p^e^o^^3ec:^r?c xlevjce Iq del^i^ct higher hsir- 

ways adiusts^d or the a^of^??>epjioned .d^tec^^- 
belwsen th^ ^uffao^as of the s^oustlc rr!iatc^^jr<8 
Imm^ 78-1 ^r^' 79^2- Is Mm^t^i finely ^Of th^ 

FipJ?^ Shows an e^ampfe sin intr3<:^^>ef alive 
Mltj-a?iiOJ>lc thMSips^iitlc tmnsducf^r ursst coofjgured to 
Qer'^erste tfe fundamon$*^J wave a>rt<s the mmnd 

A mf'i0otm\ p(£i^^ B2 madie of, W example. 
$t:ainl^&?s ste^S md M^hg a thickness pi ai'i mt^Q^r 
fT>ultt|>^e of ?j haJf wavebngth ^r^f the ^E^ndair^^si^sil 
Irequency wav^: is mounted to oppose planar ph 
e^oel^adc devices lot: ^j^miiStaneous g^t^^smlon of 

vv^s^'S e^nd 72:: they hav<3? tho sam^ ^enflgijra:?bn 
axpls^tnod conv^^^c^km with Pig ^B) m pm- 

aife^ llw55tp. The piafsar m$^o^i^^ifW. are 
bonded to st ihk;kr*ess vibrator ^^m^rs^ pi?al^ 70 
made ma^oe^u^Tf-based or aium^num^based 

«%lk^y: and 1"^<3vmg a Ihsckr-o^js ^>f an kii:eger aiiiN:6p}^ 
of tha half wavoiength of the fundaments^ wave, 
mih SMfltCJSOt acoii^tiC str^ngt^^. Fx)r <ssgtmpJ«i, wh^o 

m' sf fueled p>an at a io^ijti^ no of Uv^ri^ 

mmii<ilmi, tJ>e affoeted pait ia i?Tadlats?d i-iEtra- 
^eo^c vvav^s of tho tjjo<:lamerttai f^aqtsoecy ^^od 
sacend harmente ^Imultanoaua^y fmm th^ planar 
pfe^oalsscidc devices w^Sb pf acting tf)s affaoted parJ: 
between the planar pl^xoe;lo<ss;no devJc^s and the 

p^sfiar plexdaloctfio. d^viaoa and the reJ lection pla^e 
® darrb^j ad|esi^d by me>ah^ of ^ p^rsdfei moving 
m^ohanfsm fO wJ^Ho keeping th^ pamf^jsnl; Tiie 

le^iatanctj ba^waen she s^odacos .>:>f lha th^cknea^? 

sal f OF opJ5mJ3;aJ;sor> similai'i y to th^ afpresmemiDrJSiql 
distance betwean tba $urfao6^ of 7^-1 $n47^2. 



With xOOE^f momtm fsaJds su&atan- 
Ijetl^y e?^[Oat to the stationary seopslio ilaJds aol Op 
botv^oeo iha r^^pooevo I^q planar pla:£OOfaotftc 
dayicea 1 and 2 and the :raspec-t^yo Iwe saoas^t^o 
s JTisiching layers 79-1 and 7^-2 ia ijm mt^Q\rmot 
of fig '^i ear* fee fprmsd Mvv^n tfii^ ^hs^^Nnes^ 

^2. S^nee the rdsactbn piia^e 02 ean ba daa^gaad 
to bo much Mnm( than the h^asiag 7B"^2 o| pisnar 
ta pi^zoel^ctm mmm 2, mis efTit^edi«wht ja^ a^ 

i:n t^?^ pO*?"st^?f «^so qf baraopotMi ve and >o :th«s 
ra^poet lha oor^f iQuratson: of Fig .22 Is more: asivanta- 
^aeua than the aonlignra^ioa el Fig. 21 . 

Thf irj^raop«sr^jv§ u^tmaoajc tbampaqifc imris- 

i& ducer ssSiowo in fl^^i or 2^ oan :^(ifb3thut«3^ lor asdb 
transmitsor o Samoa! r or 2 or es^ch trans a^itior efo- 
meht t in t;ha configurst^an of the ultmaanla them- 
p^afec appsimius of jbe M>t>0djmeot s^hoyvn in Pig.3 
or 7 to o6dait*t«fca aii Ihtriaopaj'atK'St al£m§po^o thara - 

^0 peuiio apperstua; Tb«$ aHrSiS^^^nk: defeJOtOr 21 in 
Fig 21 or 22 aprrasponda lo tha proN Si in Fig 3 
ar 7. 

fig.23 mom m emwie oi th-^ c^iyiiQ^m^m 

of a reactor or an ultraaonjc; chaJTi:icaJ fe^aot^on 

"m opparat;t:^a according lo sin ambodjmeot ol tf^a 
praaeni iaventian. A foectian vessel 91ia ilf^ed wsth 
t^qi«ds raacasu:!!^ or aabsf^r^iisss fpr so?5O-0?i«$m^cal 
reaetlda aa Mis^o1va<f or acattered m th^ ilqai^ se 
o?med to ^^e^ in tho roa^ition ves^^el ^t through an 

:5^iG. inl^st 93, ^y:id a prodnci ^^t^trmming from a sono- 
chemio^l mactjoa. ^ao dtasos^^id or $cater?sd in 
tha iJ^uid. is <^^tjt$ad to few OMi of tho j-aactson 
veas:ei St through an oytlel When rnufi^a% 
p^a^sai aaoastia EV^iatah^a^ \ayms 7B-\ and 79-2 

m do^^ojiitutiog part of l^>e Inner wall of tha raaatJon 
v©^^^s 01 am mad($ of m&gm^sjura-bsia^d li^ght ?vs«$tr 
al as la the embedimant of esfeh iay^t* hae «^ 

1:Nokn^^a^ of 1/4 wavafengib or ot 1/4 s^^avak^ngJi-? 
a4dad with an intog:er maitipia of a hall way^slangtb- 

40 Qui m^im ma iay'Sfs am mada ol atasnlasj? aliisal <.it 
qaarts: glas^ w^th tha aim of inaudng w?ejred 

:Ohomk:al stabilily, a^iOh ^ayer has a thickness e? i^n 
integer muSipia of tha hsif v^^avaiengtb. The d^s- 
bm^mfi tmm walia 0? the f^aajon veases 3$ 

-^a aatdo sn ird^g^sr mellipIO: of Ibo half waveJeo^lh of 
Iba tandae^ental vvaya ae a^: to e>eat the roaoBanae 
condition. T:io ii!tj3tr5::fod oxa?r^pio ws^a ao dO'^iignod 
that thia distanoe ms salooled tp be pop 
W8v<sl®egjb or ^ondstmojiiM wav€ «o ordpr to 

ap ^ki^ antHnodae of aM^anary wav^ aooustio pres- 
sure to eccar not orriy rn the v^cinsiy of mmr 
wai! but a^so a centrai poii^an of tha voa^joi lor both 
th© feadam^cjit^tr wavo ^-d tho ma>ad S:?armor5io 
wav^: opnfjguratipo e^ ^^aaji^llMy aop^s- 

dor ^n point o^ the generetior^ of aceyshe cavitation 

j§ alao advfani^ooua to tho oodhgoti^ifeb of a fctub- 
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of £i rimcfj^t of ulirfisdt^ic ch^micjsi R=s3Ct?'>n 

dam^^ntai w^v^- ^nd thjs s^sconci h^rm<;nic; wave are 

CJS^^^t acoustic stf^aog^h,^ te^ I'hfeknsjs:? vjbm^or ele- 
ment pMy^ 70 vvh^ch js 0? st^lr^50$$. ^imi or 

qesifts^ grass, tei tNbknqsis of mi inteo^?r moKsplB 
or a half wav^iil^ngih of ih^ lun^^lamentai ^ave a-^^d 

An OMtar wall 92 oppo$jr)9 the ihscHne§§ vibrato? 

which is ^sao m it^te^er muitipse of i^^e hMI 

}^m^ W-'^ *tnd 79-5? In the emi:)od;m^nl: of Ffg S3 
cars be fpjfn^?d b^^l^esjo Iho thickn^^ss vibfatp? ele-^ 
mantpiai^ 79 and the r6|J<setiQs> plat^ 

^or perfermifig deamjig In a cl^anin^ tank by Irm- 
djcitir^O the fend<irr5^riia^ the second ha^mc^nia 

Th&r^ ar^ p?x>s'l*d a ck55imn0 tank W2 for 

tor svfb^^tr<5i«5 cbcininQ ^iqmd contalf^^ng pur^ waj<&;^ 
or liydrogen p^msj<te and afnmpnfe, q pm^m^ctfk^ 
device 1 03 ^^'^Ing its yiferatoi' eJ^o^ent SMrfi^c^ bon- 
ded to th^^ bolto?n of tte cli3J£^J^5ng {mk t02, ?s Mi 
plate t04 which m bof^ds^d to th^^ pie^DOle<?tr!C 
d^^vsoo 103, Is m^do'OI o oDiki affue mat0:iai hjivi-ng 

1Q3 %mii on ?iooM^tJC ^ck-r^es'si ■•m th<$ viJjt-atbn 
action which 1/2 of that oHh^> 103, wav^^ofm 
§}er^^5mlors tOSi aoc^ 106 adapted to ggtpesate ^rfec- 
i^^iM mgr^m of rmoumm fresQui^ncje^ ami 2^, 
respect? v'ely\ of ^ eomptex f*osonent tx^pe tNoJ^f^ese 

v^br^or *5k^m<5f)t co^'ssjlitiil:^:^ by Ihe 103 and 104, 
c^lssctdcal signals dei^v^md out of the w^voferm 

107 rd)ic1^ ^dds tog^Jher ih^ ^i^<;i^c^lMU^^^^ 
ilv^md mil oi tho waveform g<5n<5ratDr^ 105 and 
100 a^^d: amp^at^s Ihem io supply AC volta^^^s to Ih^ 

otescX'k. wav^^ o Mqj^e«ej&-s 1^ and 21^ am kra- 
dietod on the oleaniog Iquld lOt popt^^snod In th^ 
iido^iOmi) lank 102. 

in tho ultrason^o d^ean^n§ oppar?itus config?Ji*od 

!he fed^<^^d fSj^i^s^^esectdc de^i^ aild iM pi^W 

104 Nis {sObPtsntiol^V tha soiTsa aonfjgoration as the 

pro\^iiou^l\^ in cponoctb?^ vyilh Fig.S and by p^doriTi" 
tog ^xcitalipo by ?Ttdso:s of Iho wavofoj o^ g^Ji^r- 



^tpr^ 105; add 10$ and the ar^pJi Ji^s^f siirou^i 10^^, the 

fpr^tlamorlta! ytfjsvo f^s and the? oeodod hojo>pJ>k> 
wav^ cosixsst a f'^g^po 108.. Whs^n m 

object 10^ to be washed . for oxompb. ?^ sfJoiioDo- 

5 diiCtor -subMmte 1^ placed m- th^s x^lon 10B>.. 
sopostip ^:isyjfetto« g^^r^ed hlghJy #Me^^^ 
^ ^ufl^o^ 1M ofth<sj ob^ssd to li^ ^m^m6 s«od (ho 
mrt&o^ Qt Ihe object 109 to ha w^a^hod geo 
wa^jhs^d by iho acoo5-iiC C5ivjls^?oo. 

tf> nmiy m embp<:^^menl ef a cie^n^jit^ a|>psf^ue 

for podormshs ekjaojng io a cfenmQ tshk km- 
diatin^ th^ todao-^^f^tsti v^avo ^nd tho ^^eoond ha*-- 
mon^o wavp fi om dilforont vibrator 6^?o?wo£s^ wiR 
describea ^tth mfam^ce to BqM- 

contain jn^ s< Jiicju^d 101 for cfeanin§< a pie^oelociho 
devfeo 103' having ?ts vsbr^tor elomf?nt ^udao?? 
b^si^ds^d to on<& 0r j>p^ sodsos^s ^f iho ds^oipg 

m ftj and a pj?^i:iXifeido d^^^o^ t03^* dmpooi^d 00 
the other htohom suff<5oe of tte ci^anjog tank and 
beij>g at a ^«>opnd haro^pnfe mmt gf^ of 

the and >a way^fow g^raratot^ 105 fo? general 

hig an otecfdcai ojgpal t^avjng a componont of the 
■0$ frequonoy -l^ -.and a wavoform- 0eoeraior- 106 for ' 
generatihg an obetr^ca^ s^gn^s having zi componant 
olthe fs^p^ocy 2f:^ dsJjy^r ole^jtocah^j^oa^^ 

tss^^s^Jy, and s^ppiE^^cl io th^ pi«>^oajoclrio dovia?^; 1 03' 
^ snd ^03'^^:o vibr;^io Ihem. themby irradiating y?tm- 
$oote v?aye;s 00 iho iisquijcJ 101 k>r Qkmrng. §l 
x^mK "^^^ fUnt^m^ wave ^ijxl jts aeconcif 

harmpnk; vvavi? 2if^ cao €055Xi$t m o mgion 108: 
When so ohjoct 109 to bo washed, for example, a 

^ S0o>i:cDoducvior :^.^stfM:5i placed m tHi> t0Qim> 
ac'pd^Uc' e^v^&ttb^i g<?neraied highly el^oeptJy at 
the ^od^ce d1 tb^ object 1 0S to b^ weiohod e^nd the 
^pdace pi the. pbl^cl 109 to ho vv^gi^h^^d . -zm h^ 
wa^^hsd by th^^ acoustic cavJtat^on. 

4Q HQ>i% m €jmixjdio>ont Gf a piesojng af>pa(atos 

wOv^iO on a deansng Stpdd j^Mls^d ou: of a iptlirxj ' 
unit vs^ilf bo de^sodd^d w?th r^ldforioe to Fig,27. 
Thf?!^ 0o>bodjm^pt ixmpiims ^ pips^ tii? lor 

^ pld^p^ a liqoid 101 tot o^eaiiij>§, tor e^?amp!^v pum 
i&^'^imi a oo2^J«: 113 fi^achod to fhd t^p of the ptpa, 
s pi^;s:o^tefdc device i03 ho^d ^o^fde tho no;52:fe 
•ti3v ^ to ptefe 104 whjpb Is- '.m^# of e ^oiid 
hiitying approxfo:iSE??j|y th^ s§so>^ stcoosttc imped- 

m anoe a^ the 1 03 ahd m aooostic thipkn^ea b 
th5> vibrator ^jloro^r^t dirodEon v^hich is 1/2 of thsxi 05 
the I03/ w^5veforrn gonorato^'e 8 for gono^atrng. s?^- 
im\s 0 i&^mmam ftm}miiOim % 2f^, re^p^ap- 
liveiy^ of a o^m^ ^fokoe^s vibretof e^emeiit cioo- 

m f^gumd of Iho 103 and i04: and on ampfif^>?3: oiroij^t 
107 tiy whjch si^o^ls dell v^r^d cut ef the wavetcrm 
gjefn^r«4tors W5 md t OB ;addod togi#?or 
ampPed m as to be appfe^:! lo the piesoeJectdc 
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m-.^fyomc i^^ Mbmipf] ^i^rmnt pM^ formed of th^ 

^smnXialh/ the sam?^ configyr^Orv as^ t^^e pi- 
^^osf^^jfe thfe^n^s^ Vibrator e>:pJssj>^d 
prsviota^y sirva^nn^sctt^r* with Fi^M ^^hm 
dtstsor^ c^^m^d out by rne^^rs^ of ^ Mm^imn 
■gmm^iom 105 aoci 106 md ampp^r c^rcun to?. 
ih^ ftii^diwenta? #av^ and rls ^^^e^^a haroioiis?; 

wave c:<if> c^^sc^s^ ^fV a mg^C;?^ 120 Jcitiisd Qist 
the rso^zfe 11$, Whm i^tow^ Jlquid I0i is 
emitted torn tha mzzk^ ti3 t>w??rd a fot?3tmg or 
stationary stage ^ 19^ i^^er^ r^Sijiis ^sgi^iy ^ftkri^?^t 

a^i object 121 ^ be v^sshed, lor ^^KSimpfe a ^emj- 
conductor siibstrat^ witHsn^ mg}Qn 1^ and tha 
^urf^e of ointjssot 121 lO be washed ea?vba 

^5?f^5Ct^ l:iro5^^ht about by if"^^ ejrsbodim^^^fe ol tho 
yiipsonfe cl?^anmg ^^pparatys of Figs-J^S ti> 27, 

JK$ i%r: t:xan>plo of ch^msoa^ ctensng; a s^mj- 
condisctor ^ubats-ale was washed IhrOiJ^h o><j<:EatiO*^ 
by using ?immorsj^?^ and Hydrogen pamxtcJe S^nc^ 
Mi pro0m^ <^t i>x\iM\on m the s^^rnjconductor ^ub^ 

cofcr ^-^jsot^on through 0><jdati Dn was he ld at a posi- 

tor was he?<i ?^i)d tb^ v^iodty of oxfd^oo of the 

substance due |o trrfid^atfon of 5:he ijltfa^roriic wav^s 
m^&at^md so as to ba usad m m index of 
^t^CJ^ncy of c^osrjjng. Expofin^^nts w^m ooodyct^^d 
sn ro;^pf?^ot dra r05^oii|^I3n m ^tMi^ ifmx^iiM iom if" 

iodide was &dd^d with chloral ^hy.^f^^^ wm. cpjv 
t?s?ned la a made of poly^;ihy^«o^5 isnd hgtvmjj a 
tbickne?^^ of OM J^m, an^ tk^ bm f/m hoM ai th^ 

$sjmicood'.x;l0f' hokljng poijfiioo «nd irrad^^iM^^ mih 
tm ultrasdnio waves. Concontra^^on oi tho gao- 
<^miJ?^d tritpdsd^ ioifis was d^l^sm^iood by av ab^oj- 
bmm ^bd o^sldatioiF? fM^ was clet^mih^d ^rom a 
vaKio of tl^ absorbanosiv Ox^datfon rati? ohtnins^d 
whar^ ^ fuif)dam^?>t^i wave M 7?5(^I<H^ artd a a^^^cood 
hajTpp?^«q; w^va at ^§1^^^ ^Bm m>adjat^d slmulta- 
fisaoii^ly whtte th§ sym ot pow^r leveils of i>vo 
ultm^onfe wav^^ ba^ng kapt to constant was 
pkj^tod relsiifv^^j to the f^dio of thi& powor at tbo 
luodamaatal fmquenoy to th^ taJal ultmsonia powesr 
to dhtasn oxtdsiUoo mki of th« chamo&^st^cs 
a$ tho$^ ^)<p?a5rsM pmviousJy 55^ <5o^^ v^Hh 

RgsB. kv tb;^ oaso, tho sum oEtfasonb inten^^ily 

l^vflf. of the fundamental vvstya seocI the $fS?oood 
tompnli? wawa at the lo^^a^^or? whsm th^ o>^dstfen 
occormd was abo«t 3<)%V;=bm^-. Wih tn^ iimdm^m- 



tat wav^ or t^^a a<3fODt Jd temomc wa^a alor^^i^ uaa^, 
1hf5 oj^idaiton fst^j wss ?efa wsjhss^ the ie^po^ 
^rmr raag^ but th^^ avh^rQss^tic ^l^ecta obtained 
whon Iho 1:wo rroquanoy wavisa worn Inadiiatad st a 
a tima w§m f^maJt<abla and ^spacsally whM fa^iq 
of pmm M im<^^mmM fr^qt^oncy to thj$ 
i^jfe? oJtf^souf*^ f>o^^f was 0.8 to OsB ffjsiFidamv^ny 
wsv<5: sacond harmonic waV^ 1:4 ta 4:1), high 
oxidatton rata Dbtai ned. 

i:§ tf}<ad to t't and tba pha^e re^alion bofv^oan th^ 
f L^ndamonta^ wavo ?ii>d It:^? ^ocond harmonic wa^/o 
Is cbsngod. the OK^^JMart m^a ia pbti?ad lo otitain 
msufe as &hpwh h ^1{}M> In th^s ca^e, too, th« 
aum of t^^tr&soniD jnl^i^n^^ty l8v^?^e of the lundam^m- 
tai w^v^ and sooohd hsrmonjo wsve at a locstion 
wh^m ^>x«3aiJoo oca^rf^d^^^ about 3^ VV/^;m^ In- 
tfe Fjgym. afes^^^^^ mpras^nt^ y#i^s of when 
l^Ming the fnndamBntai w^syb bo a^n^S and th«5 
aaoand harmonic wava ba #^(4 ?r|) With tha valua 
of befng (IM)?? to (7'4)^, high oxidatto ra^e^ was 
oblajr^d, jgsps>ciaify, for ^ <^ ^ ^.if^maii<abSy 
high o:^^dation rato waa ogtaff^od> wh^s^ « — H 
"m a ;pfiaae !^^^la!^or^: wHi^ch m^mtms thO' abso:uta; 
mihm m mg<M^o p^m m and « ^ 

^ ia ^ phs^ae f#jation wt«ch jT;aka§ th^s Ml ot 

The uJimsonki ci^^^afving 5ipp5i; S!tusj $^hown ^n the 
a^s prasont a^nbad^mant was also of f<HKvt^va tof olaaning 
usmg hydr<5§$?n p;gjpxtd<? ^^nd suit yno acid* oJ^^aojng 
tjsmg trfchjom aco^ttc a;d<l and «:i^ahmg mnq 

Next an example \n which iha prasanl inv^o- 
m iim U apposed to !Stejdl|-i^ai:?oh :0f - lii^oki wtH ba do- 
sodbi^ with f^fataoco io Pf9>^. 

Tha pros^nl ^mbodimont oampdsas a proooas - 
ing Mnk 201. a siqujd pounng poft 202, a tiqald 
diachaf^^e povt =S^3. valyas £iD4, s bubbla ini^c^lon 
40 port 20§.. a p[T&^o<Ejk^:trto d^&vic^j 206 hayk^g its 
vi&rstof afemattt st.j(la<?Si bonded to tha bp^om of 
Iha. ■ pmcasj^tag tank ^O'l. a flat .p:aio-.M7 whk:h W- 
bondad to Ihe 206, haa au^stantlalty tha aama 
acoustic jn;^podafK^ tho ^GO and «a j:n^do of a 
§o^jd having the aam^ sicouaiio ]mp^^ sia th^ 

^00 and an aoaustiio thloknosa J'^j ihB vfbfati>r ob- 
m^nt direction m^asar i ng 1/2 of thsd of !ha pi^icp- 
abairio dayiaa 200, wavafarm gonot ato?^a 2DSa and 
208b f£>f generating elec^tdcai sjgnals m^nance 
ffa<^uancias and 21, ol s comp^ax maonahos 
ihicknssa v?b;"5i^0f o^amont oanfi:gnrad of tho 206 
and 2D;?, and an ampfmei" abreast 200 far adding 
togathor and amplifying i&leotficai Signals dojivomd 
oiJt of tha wavafom> ^lanar^^^ 200a m4 WBb: 

•Ha?'B, the f'ota^^pan botwBon tho- ptaz-cs^^Jaotnic:- 
devica 206 and tja:i pisita 207 ts? defined ^imilady to 
ths amb£3dimanl: of Ftg J5 desonb^d |n oonnpG- 
tiojn ^t|h AC vdtsgea af ths rasonan^^a 
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fejic device> 200 to; it ami yltrosonJc wfjves ^rtj 
i^'radiat^d on ina liquid in th^^ processing l^^nk 201. 
the funaan>s?nta5 wavs? % st^ second ha^monsc 
ytmB 2x^ can coim^i in th^;Sc|uk1 m %b prQcmWiU 

th<5? ]iQUfd be earned Qut 

At ^haJ; t?;Ti?$, If gas Si^^ch sjs^ air hi 

effect or sterilisation wili be less d^a^mded evso 
when tho ultrasonic wsy>5^^ j^rSidS^ilK^d for lung 
Unw. Bji? adlu^ljng the degree of opMi'f'^^ of th^ 

i^essing time 0? t^^^i? liquid can changec;. 

In the case whara l^j^ corripositfen of the iquid 

Mm cm km improved fey sddfng to Ih© Jiquicl a 
sonG-chejTvjca! activjxi|Of> St^b^taj>c0 Includkig a dy$j 
m porp^nri-tamsly sucli ha'^&tnperphyrirr or 

hydrato or totfsd^ioro astatic iaojd> 

IJfe tho ^rnfo^xfisti^nt of Fig 28, a pjocosssn^? 
apparatus for |>er^orm:; HQ sieriHiiailon m a pf^ooass- 
ioQ tank tjy Irmdieting the foridairierila^ wav^^^ a^'td 

s^concJ harmonic warn trom ditfefeot kKJSllon;^ 
eeif? be provided ^a^^ etmbod^men* to tH?^ effect 

■■■The: ^>verali configuration ,0; a illquld proca^sinjj 

oniy in iWt vibri^tter defr^em wface$ o^ m uHm- 
?5onk: vsbfisJof ^fement SOBa resona?>t with a fun- 
darri:ental tj'oq^ionoy ^nd an uHrasonic vibrator 
$?j^meru :S^Q6b fi=>sor:arii with soGorfd tias'mDnsc 
v'ifayss ^^?j> ^f ^sj iif^deiporid^^^^ ^oj'«d^d to the ^kJe vtali 
of a prooesiSiog tadJ^ J^OI, aim^ ^ji^ptHdal igsgnab 
de!^ver?^<l out ol w.av$*tern ^enefs^tor 2QB5i icr 
^ar^smlin^ ari eiectrioai signal h^vin^ .compooar^t 

to? genosating a»t ^^Jeot^'feai signal hisving a ssompo- 

nmi iyl mi:ond harmoriic of Iho are lndepen-< 
der^-% amplified by ampiitlefs 209a and 20Sb. r<=:- 

When Mifra^onsc wavoe ar^ krediafod into tho 
pf oo^assog tank t by me;^frS of tf^^ uil^'asonic vibm- 
tor el^irn^o^s 200a ar^d fun^jSm^nM wave 

1i. an<3 M s^:or*d Jtsrmontc wjSive 2fg, i^f^ aliowecl io 
■ooem^ m tte processing tank. Through t^^is, aoous- 
fjc c^vil;aijon oov:air$^ ef^ick^ntiv In th^ir pj'ocossii^q 
tank and ^t^rlll^ation of the liquid c&a &e carried 

Claims 

1^ Af? app^sr^lu;^ lor p^naraftng oltmspnio wavos 
s pbfa:Sy of ff«qu©ncl«?i, charactered \n 



second harfr^onic of aald tundarnontal Ircquen-- 
cy are irrad^ate^d sups^tantiiaHy s^rnuifap^^puf^y 
^> on m object. 

2v Ain apparatus giCfiPj^sj^g t 1, oft^mdt'e^r^ 

l^^^d in that an oltrasonic traoamit^ar la pro- 
yjdad which incfude$* a lsansroJti«$r as^m^nf ^c^^ 
■iQ g0mr0Mng im tund5an><aj>tai wsvo^ &nd a trasia> 

mittej olemottt for geiiemi^ng tlK; ^second har- 
monic ^ave vyji^c^i- are Irjdopendont of oach 
othar^ and that aeid each alei^^e^^t i^ driven by 
a $gm^ voltiage o? mdi^p^ndo?:^^ ff^q:uef^cy< re-^ 

3* Ao apparatus according to claim 2, chars^staf" 
im<i i(i a >y^m iransmt tsar airmen! lor 
gei^dratiiig tha; fMiic^^ilni^t^trd wavo a vvave 
js^ tfjisrjsrnhi^^jr eicrf^ent Idr penera^jn§ th«V second 

harmor^ic ^aye havo in ppmmon a ^<;x^ai pan% 

4. An ^i^p^ratti^ acc^y^lng tp ciaim Z> cParaplor^ 
izii^ tn that^atd ultraaon^c trarismte 1$ m ao 
array type Including a plurality of vvave trans?^ 
fnltfer clemonta for generating tte fundamental 
^«$Ye and a piurmty ol wave IrsnsrViltfe^r 
rpgtPts lor gen^j^tinig the ^s^cond harmonlp 

m thaJ the fetapslty of tho second har^ 

rpor^c wavo is rf^oro than tirr^es to less than 
4 tirnos the intensity of the ft^ndamcr^tal wave 
as -at an oi;>joct to be ^o adiated. 

^ An apparatue accord^np to 5, charaoter- 

l^ed in thsii the phas^? rolatson b^^lweco the 
%r^damantai wave ar^d the aaoprid hatrmoolc 
4Q wave is m ^Bim to m^k^ to yvm'^lpmvof th5S> 
second harr??onic ^|?pro)ilm^ite -:$m^4^!rlt) whar? 
thi^ wavMj:!rni of ^n ultrnj^pand at f^m hinda- 
moj^tal freqaonoy f m fopreaentod with raspeot 
to tJm^ t by $|n|2 -nit) at 1M to b5S 

7^ An appamtue accordsnp to cMm i , cha ■ actor" 
l^^ed in that an ulit^^Qnic {fnag^pg.upit^fe 
ykim whid> js so conf^jiired as l;q fo: ?ts aj> 
m iiltra^or^iP echo irriage of the Irradiated obfect 
by tran^^mitflng and receiving a pulst^ ^ave 
having a hii^her ff^cj^uer^cy thah the aaeond 
harmonic wavo- 

f§ §^ An apparatraj aenord?ng to cia=a> 7, dTaraoter- 

l^ed in that when a continucue wave or a bit^rst 
mvo o? the ffcjndamaf^tai wa^^a and a cpntina- 
o«s rtam m s bi3rsi wave d f^^^cond haf- 
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rtisivts of ultrasonic v^vive^ at th« Irrsdjsfi^d oJ> 
qussncy cprnj^on^^nt <^ t^e second fiariT^bniJc 

ihiii a continuDiiS iites^ound fill st fijridamcjr^iss^ 

Irssqussricy and 'Sx' c^r^mm^ i^^^mmm\ 0, 

Wadlated simuiitanem^y Irom the ^am^ pie^eo^ 
electiic vib??3i<jr ?jks?T«c5nt tow55rd ths olb" 
led 30 tJ^M tha cont^iii^Oij^ u^u-aso-^trid of tho 
fund?im??riiaJ frequency snd tN?5 continuous u^ 
tf ssouj>(3 of t!i0 ^coni5 ^^aj-i^ msy be 

vyhsCh hi macfe of ^ p^ezo0?^c:t?1c matoJ%^ or a 
matena^ havl^^g an oquais acoustsc jmpadaneo "m 

imi^mimtpi wave. tt^^U s t^ick^'ies^ region 
ii. Ati a$jpa?:atMS a(?coiric^ing to claim 30> ehiStf ajctej'" 

Is^iSfd sri a pla?:0^^ect?1c element is pfovfid^d 
is mad^ of a pia:^c«s:fedftc matenal or a 
ift>ai^5flaf having an ^qmi aooostJc ln>p<5dMcQ-' m- 
to UM of iht^ p*ei£0«jJ©i:^if^c nsat^jiai, has m 

responding 10 ;subst«ja% 2/3 tho ^ooM^io 

thiokni^>$^$ vvhir:h a:r^5 bDsvded lj>g<^^h:ej', and 
only 2/3 f^^glon i§ drivon pl^sioetec^icaJiy-; 

tjS. All «?ppavatM^ aocdrdi:lg^^^l^ 9> ch^aot^K 3*5? 
i^ed tte a pus^>i;x^S3 typo circoJt for dnving 
a^^d pio^o^j^^clno vidraior ^tem^nt ia provld<sd> 

t^mi w fee df^ &?Ki iMmr m rm^m^ii to be ^0 
oft and othi^jf $^iato m wh^ch 5ho OiVoff 
s^ndodng invoJtas:! aro^cs coritrollod a^ to bo 
r^pssafed^ and Ihe (M6 dsiw^^n Mr the 
s'ospi^Uve $itM^ i<>. p0(m^ ^^ m dontroUd^J a^ 

fo soboiaot^ally squai 1 :3 or 3: 1, i>i> 

i3> Aft 3pp^fss:su;s ^ccofdmq to dssm 12, qhsrsct^r- 
s^^ed in that a ddw cncAjit is prwidfe^ -wiUci^ 



^ncluda^ ^t:l^;d^^ 00 oonstadt potejUial ^JOuma§ 
^jfid svif^le^Bng ejfenierifts, provjdoci by throo p??r 
on:^^ j^^a^^mlactdc vi:drator ai^m^ot,, ior sw!:^ofv- 
iog onMf the j^^oc^nca? conr>^:C^iO!i botwoen 
each or s^ld cionats^t po^^atj^l soorc^a and 
^a^d pi^2od:?<^dfio vibrator sfemont. 

14 An apparatus aocordmg td. olaim 1. ohamctor- 
!:^od •^hsii first j::irc;Lij£ for (Mv;idg a piB^o- 
<^?^ot?io yfetcsr ^^lam^nt at th^a fupdamdntaf 

feqi-^c^ncy and a o^sccSnd dd5J;!t fex driving said 
p^a^o^>bctfic vidratof ef^>mani at tha socond 
h^fmorjlc of iho fu^idam^rjial fr^quonoy a^o 
prm6^, m}Q vman a total o^pacltanc^ of Mid 
pjd2:a@bdf5C v^brstor edition t ?^ficl s p^psd^tor 
com^sclsd. ■m/-,paral!:5?^ th^^r^^o. -ia -Caod ao in-: 
duclaos^o re£:onanl: with 1;ho total capaikance eil 
tl^6 sMadami&oias fraqijency U said |>ie^o- 
f lodt:kio ^?bfalor e^ermdnt t^ <mtir\^c^<^ to s^id 
f^r^t qsnxijt IhfOEjgh an irsdnctor hss^/sng m in* 
-juc^anco of ^>BL and to sa^d aooond ci^cu:^i 
thmugh an kJduptOf dav^ing m ifnductanoo o^ 
t0/9i.^nd a oaf ac^tor ^ni^ectad m mtm-"^^ 
indudtanco m^i ts^ving a oapaoitaoco oi' 

M \Mm^<^ W ^^■^^dia^^?J§ a plane 

wave oi a fund^mantai If <5^ue?X;y zmti a plana 
w&vo of a fr^>quonoy v^'hk:h an if^togor 

muitipks of tJia k;ndsrr^o?^tar fr^^:^imn^:y s^n^nlla- 

tS^^t wsva fmdl§ of $M ff^quonoi^s are 
j^nd«sf^Sf(J J)e substantia? iy to. j^ach 

othet 

16. An u^^^^aoffe dte>Jd9 app^«^kiis codfiQUds^ io 
irradiate ultmsdnic vvayos; of 0 pk^m^iiiy ol im- 
qu^oci^^ an<l s^dapfad to srrad^ata t-o ultra- 
$on^c wavos. on an obpot through a madiom of 
a liqdsd, oharactetic^jd k) thai i?iCi ukrasound of 
^ luj^dam^Htal i^oqMahcjy and an ultrasout^d of 
a froqnanoy a o^^cond har-r^orsic ths^ 

kmdamontai Iraqooncy aro In&diatsd asmuita- 
mousey: $;a»d obldci 

IT, An appaf '^tos accos'^}j:ig fo c^mm 16, characlor- 
i;>od in ^iat iha uilraaon^c vvav^s <rra<iiatad 
on an objo m ^ cmmim t^ 

An aj^rate aop<x<|in.9: lo ■ofe^ny'16,;oN?^Qlaf* 

i^od in tiat iha u^^raaohjo wav^?a ao^s tfradiatod 
on an ob!Oct through a m^^dtui??) o; a li^aid 
pitM mA of a jdiiing unit 

1% An appiJj'^Jtos accorc^srig Iq €\mv IB. characinr- 

■Izm m that lha intanaki^ of fdo $a&ond ihsr- 
monjc w^ye fe^t to be mor^ tha?^ 1/4 tima^ ta 
las^ pirn 4 Umos ji^a ^ot^nstjy o^ tt^a fun- 
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3B 



Ar^ appsmi^$ accord incj to 19, cf^amot^r- 
wm^ k- s^t x^s to tn^ke th^ w^^^:^ of th^ 

w^ih r^s55^otlo time IW ^ing sfft) at ablest 



to 



3. 



^1* An ^j:?ajatU;S ^ccpr<lirsg 1o clasm it?, character- 

vibrator o^em^nl j& a samsjiar al:ruckir^j of a 
p^^j?a?5lgctoc de?vfeis and a splid cfesaly bon- 



1-53: 



fe^d 1?^ that t}^ ratjo mi'^^m a t^me d^tij^ecl by; 

said oie^ooi^^clric dovso^ by ao acousisc aoaad 
ih^jx^tor and a tim0 defined by dividin^g a tHJCk- 
jmis sn t^vsj vibfs;{^^if? dsj^jctton of mM 

jiiOce as said pi^i:o^^^?$cido devk:0 by an acous- 
tlo §[:>$sed f or ;$*^id solid mor?5 than 1 tc> 
thaf> 3. 



30 



isre tn ad;i<$Si£jd dn a^ f liquid simu^tsSfteousily. 



C?6 



24^ A [Iquy st0fj|izJo^ appat^atu^ 9;<ic;0f<^i?>g to claim 
23: characted^s^^d ^o that said pklrai-tfaqus^ncy 

Qus^ncy ami uftra^mmd of ^ s^sioood tm^ 
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2B> An appaJBti^§ ^s^cordin^ to oiaim 23, ch^raot^er- 

pleanafe<;ijtc davjce and a ^jol^d cloijoly bon^ 
d^$ci: tti^^r^to and hav^n^ suba^aotjally iha aama 



2B. An appSif^tBs; according to cla^m 25^ charackr-^ 
isod in thsit tl^!^ r&^sd t^etwo^jn a 1I?tj^ dofin^d -by 

J^ofafof and ^3. ii^rno- daf jnad bv div^dinq a ihfck- 

no^s in lha v^tOratipn .d^mclioo of $aid mM 
fmmg m^bmm^^ th^ sam^ acD^sisttc imped- 
snoo as said pio^^oeJoofeic device by a acoijtstic: 
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